
king by J. H. JOnlons (1802) 



HUMAN HELMINTHOLOGY 

A MANUAL FOR PHYSICIANS, SANITARIANS 
AND MEDICAL ZOOLOGISTS 


BV 

ERNEST CARROLL FAUST, A.B., M.A., Ph.D, 

TNe TTMluim Vtn<«nt Profenor of Tropical Di*ra»e» and HygMnt, Head of the £)t»t9tc>n of 
rora*Uolopv. Dtparlmcnl of Tropical Medicine and Public Health, The Tulane 
UnitersUy of Louteiana. Nev Orleant, Louieiana. 


THIRD EDITIOH. THOROUGHLY REVISED’ 
Xi'ITH S/5 EHGRAVIKGS 



LEA & FEEIGEK 

rniLADELPIUA 

ion 



CoiTWQJfT 

hi:\ * Fi:uici:ic 

1919 


riUNTED IK U. S. A. 



PREFACE TO THE THIRD EDITION 


During the years which have elapsed since the second e<lition of this 
volume came from the press, a wealth of material has been published in the 
field of helminthology, including particularly the helminths A\hich para- 
sitize man. JIany of the more significant findings have resulted from 
investigations conducted during military operations in warm climates 
between the years 1942 and 1945. This is illustrated by the numerous con- 
tributions made to the hiolog.v, epidemiology’, pathogenesis, diagnosis, 
treatment and control of Bancrofts’ filariasis and schistosomiasis japonica. 
An earlier revision of this book omihl not have included many of these 
contributions. 

This edition of Human Helminthology constitutes a complete revision. 
New data and concepts have been introduce<! in generous amounts, while 
older information has been rctH'aluated. It is hoped that this edition will 
be equally helpful to the physician, the .sanitary officer and student of 
parasitology. 

Sincere thanks arc extended to many Individuals who have made sugges- 
tions for improving the book. Special acknowledgement is made to 
Professor M. A. Stewart of the University of California for providing an 
up-to-date list of insects involved as intermediate hosts of lielminths, to 
Professors Paul C. Beaver and G. M. Carrera of the Department of Tropical 
Medicine and Public Health, Tulane Umver&ity, for valuable comments on 
the new glossary incorporated in Chapter I, and to Professor Bea\er for a 
description of his new egg-count technic. I'inaliy. the author cxpK'sses 
sincere gratitude to the publishers, and I'ebiger. for sy mrathetic un- 
derstanding during the perioil of jmbllcation Of this edition. 

. Krnkst CsipyoLL Fvut'T 


New Ohlgans, Louisiana 



PREFACE TO THE FIRST EDITION 


As an inv'estigator in the held of medical parasitoJogy for nearly tno 
decades and a teacher of the subject to physicians and zoologists, the author 
has followed closely the important steps in the development of the subject. 
In no phase of medical zocilogj', both in its biological and its clinical aspects, 
has greater progress been made than in helminthology. Thus far, however, 
no attempt lias been made to correlate the available information, much of 
which has been publislied in inaccessible journals, and to bring it together 
into a manual which would meet the needs of the parasitologist. The 
present volume is the result of the author’s own need for a teaching and 
reference text on the subject. It is also significant that certain of the 
author’s colleagues as well as many of his students have urged him to make 
available for them the subject matter of human helminthology. This has 
been no easy task, especially since the field includes both theoretical and 
practical problems. It is felt, however, that the form in which the data 
have been compiled irill serve this tu'o-fold eml and ndll, furthermore, make 
the information available alike to tbc clinician, the sanitarian, and the 
medical zoologist. Although each of these workers, from his peculiar 
vantage point, is primarily concerned with one particular aspect of the 
subject, he is also interested in the problem as a whole, and will appreciate 
the need for an all-around presentation of the available information in the 
field. 

Of necessity the author has depended on the work of his colleagues tor 
much of the evidence and many of the views e.xpressed^ in this volume. 
Sincere thanks are here expressed to those who have either 
indirectly contributed to the contents or form of the manual. The duR" 
culties of obtaining adequate and well-balanced illustrations have been 
considerable. Those who have generously placed their original or pu - 
lished figures at the disposal of the author deserve no small share in wha • 
ever of credit may come from the adventure. Grateful thanks are also u® 
to those who have assisted in ty'ping the manuscript, in revising the proo 
and in compiling the index. Lost, but not least, the courteous 
cooperation which the publishers, Alessrs. Lea and Feblger, have provi e , 
and the high ethical standards which they have consistently mam 
during the five-year period of writing and of publishing the volume ca 
the highest praise. Ehmsx Cakholi. F«sT 
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HUMAN HELMINTHOLOGY 


SECTION I 

THE SCOPE OF HELMINTHOLOGY 


CHAPTER I 

THE PHENOMENON OF PARASITISM IN HELMINTH 
GROUPS 

INTRODUCTION 

PAnAsiTisxt is the state whereby one organism lives on or in another 
organism, and thus derives benefit, without contributing to this association. 
Cameron (1940) refers to parasitism as “a mode of life ” This phenomenon 
is not confined to the Animal Kingdom bul is found in many groups of 

bacter ’ * ’ * ’ ’ 

plants 

many 

and study from the earliest times. Those species of organisms which 
parasitize the human body and thereby bring about human disease are of 
special concern to the medical profession. However, in order that the 
student of medicine may have an intelligent comprehension of the strictly 
human parasites, it is essential that he view in brief the phenomenon of 
parasitism as a whole and the relationship of the species parasitic on or in 
the human body to the more inclusive subject of parasites as a physiological 
group. 

First of all the parasite must be distinguished from the predacious organ* 
ism. The parasite li^’es at tlie expense of another organism wliicli liarlwus 
It and which is commonly calle<I its host. If it is well adapted to the host, 
no appreciable harm results On the other band the predartovs orsnnism, 
or predator, kills the animal which it attacks, cither at once or piecemeal, in 
order to devour it. There arc many gradations between the pretlacinus 
animal and the w-ell adapted parasite. Various names have been applied tti 
those species which on the one hand, fenl only upon the waste products of 
the host, and, on the other, are actually helpful to the host. Tlic fonner are 
usually rcferml to as commensals, the latter, as spmhwnis. As an evamplc 
of the former may be mentioned the common a>lon ameba of man. as an 
example of the latter, the intestinal ilora which preserves a cs)nstant 
hydrogen-ion concentration and, imiircctly at least, serves in the digt-'tion 
of food and passage of water through the intestinal tract At times the 
giant intestinal roundworm, Ascaris himhricoides, npiicars to be a bariiiless 
conimeris.il; more fixYpientIv it L a d.i«grr««s parasite. Since it is of 

(13) 
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great iini)ortancc for the pliysician to know, wherever possible, the relative 
danger from infection with a particular organism found in the human I)ody, 
an attempt will be made in tlie pages referring to individual species of 
parasites to evaluate the relative degrees of patlmgenieity of these “guests” 
to their “hosts.” While there is a wide variation existing all the way from 
the harmless commensal to the poorly adaptctl parasite which produces a 
diseased condition of the host, it is convenient to designate all of these 
tj’pcs of parasites as without reference to their degree of parasi- 

tism. The term “guest” is the more justifiable .since certain species are at 
times entirely harmless and at otlier times “unwelcome” and actually 
dangerous to the life of the host. 

Parasitism comprehend.s “host” and “guest” relationshijjs in both the 
Animal arrd the Plant Kitrg<Iorns. A plant parasite (p^f/lojyirnsile) may be ' 
parasitic on another plant, as, for example, the barberry rust (Pi/cririia 
graminis) on grain, or the (Iry rot (Volutella fniclf) on the apple; or it may 
parasitize an ajiimal host, ns, for example, the fungi which produce the 
various mycoses of man, such as actinomycosis and iSfadura foot. lake- 
wise, animal parasitc.s (zo<}p(jrn.ttIes) may parasitize plants, ns, for example, 
the thousamls of species of insects which live upon or witliin plants of 
economic value to man; or they may he adapted to a life of i)arasiti&m in 
animals, as, for example, the ln>okworm in man. An interesting c.xnmplc 
whereby a zodparasite utilizes a plant ns an object on wliicli to encyst, and 
thus may lie transferred passively to man wlio consumes the vegetable in 
the raw state, is foimd in Faschlop.ns, the giant intestinal fluke. The 
object of such a transfer, which Is purely meclmnicnl, is referred to ns a 
mechanical rector or agent, and differs from a biological rector which is 
essential in tlie life cycle of the panisitc. 

If an organism lives entirely on dead tis.suc or food, it is rcfcrrctl to, not 
as a parasite, hut as a saprol/innt or a saprophage. In case this waste con- 
sists of fecal material the organism is a coprohiont or a coprophage. If the 
organism in these instances is an animal species, it is designated in the 
first case as a saprozoite and in the second case ns a coprozoitc. Certain 
organisms whicli arc accidentally en transii tljrougJj the digestive tract and 
arc diagnosed from examination of tlic stool are referred to ns fecal con- 
tnmwaiors. Such is the egg of the nematode species, Ilcfcrodera inariom 
(synonym II. radicicola), at times found in the fleshy roots of vegetables 
consumed by man and at one time incorrectly diagnosed from the superficial 
resemblance of its egg to that of Enterohivs rcrmiculari.^ as *'Oxyxiris 
incognita.” 

Some organisms which depend on others for food are entirely ccioparasitic. 
The feather lice of birds (IVIallophaga) live entirely on the feathers and the 
filth accumulated among the plumage of their host. The sucking lice 
(Anoplura), fleas, bedbugs and blood-sucking Diptera are all ectoparasitic, 
hut secure their nourishment from the blood of the host. Ketoparasitism 
is conv’cniently referred to as an infestation. Other organisms are enrfo- 
parasiiic, that is, parasitic within the host species. Those living free in the 
lumen of the intestine are not actujil endoparasites but are popularly 
referred to as such. Those attached to the intestinal wall or even more 
intimately parasitic in the tissues of the host as, for example, the hookworm 
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or the human blood fluke, are true cndoparasites. Endoparasitism is con- 
sidered as an infection, whether the parasite be a bacterium, a spirochete, 
a fiJtrable virus, a protozoon or a JieJminth, irrespective of the parasite's 
proven ability to reproduce itself within the body of its host. Organisms 
which are able to live either a free or a parasitic existence are spoken of as 
facui/atire parasites; those which Iia^'e become completely dependent on 
their host for existence are designated as obligatory parasites. 

Parasites are most commonly found in three large divisions of the 
Animal Kingdom— the Protozoa, or one-celled organisms, the Helminths, 
or parasitic worms, and the Arthropods, or invertebrate species with 

• commonly referred to 
'Vo’O- Originally the 

term “helminth” meant “intestinal worm,” but for many cars the concept 
has been 1001*6 broadly interpreted. Tl»e term “helminth” does not connote 
a single group or phylum of the Animal Kingdom, but refers to two large 
phyla, the Platyhelminthea, or fl.it\\orms, and the Nematoda or roundworms, 
as well as to two small phyla, the Acanthocephala, or thorny-headed worms, 
and the Nematomorpha. In addition, one class group of the phylum 
Annelida, namely the Hirudinea, or leeches, arc, in a somewhat broader 
sense, included ^^itlun the definition of “liclminths.” Tjiese groups dilTer 
from each other Imtli in e.xternal ap|>earancc and in lundamentnl organiza- 
tion: the flatworms have no bo<ly cavity and their digestive tract, when 
present, consists typically of one or two blind pouches; the roundnorms 
(sensu siricio) have a body cavity although not lined with me.sodcrm, and a 
complete digestive tract with both oral and anal openings. The Acantho- 
ccphala have a body cavity and a proboscis topically armed with booklets. 
The Nematomorpha have a body cavity lined with mesoderm and germaria 
discontinuous with their ducts The leeches, as distinct from all other 
helminths, have true metamerism. Tlie flatworms are usually herinaplirt*- 
dltic (t. c., monecious); the roundworms arc usually dlecious. A majority 
of the flatworms and a very large part of the roundworms have become 
adapted to a parasitic existence; their reproductive prwhiets ha%c become 
ilisproportionatcly multiplied wlicn compared Avith the majority of fri'c- 
living species, thus ensuring a greater degree of certainty in propagation 
of their kind. 

In the ca^ic of the Platyhelnunthes, or flatworms, two of the four usunll.\ 
rocogni/cil classes, the Trematoda, or flukes, and the C«3toidea, or tape- 
worms, are exclusively parasitic, and the remaining two class groups, the 
Turbellaria and the Nemertea, consist almost exclusively of free-living 
organisms. '\MiiJe tijcre arc thousands of species of parasitic Nematoda, or 
roundw orms, there are an even larger nnmlwrof sjweicsof this pli\ Imn w hieh 
arc free-living forms The Acanthocephala, are exchisi\rl\ parasitic. 
Among the Nematomorpha the gonb'id wonns. or "iiair snakes,” are eon- 
sistenth parasitic during their immature .stages. 'Ilic Hirudinea are blootf 
Slickers* and may l)e external (If.TMaJipm spp.). within the mouth and 
iipl>er rcspirator\ tract (Limnatis nihltca) or within the genittMirinarj 
tract. 
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or around tlie oral end to assist in attachment. In the pork tapeworm 
{Txnia solium) these hooks arc arranged as a crown on the rostellum, 
anterior to the sucking cups. In the dog tapeworm they occur in several 
rows around a proboscis-like organ at the nnteriormost part of the body, 
which may be inverted or everted as the parasite requires. A similar 
arrangement is found at tlic anterior end of the head of the tliorny-headed 
worm {Mncracanthorhynchus hirudinaccus) commonly found in the pig, aiul 
rarely parasitic in man. The hookworm has a series of teeth or cutting 
plates just within its buccal capsule, wliich serve to attach tlic worm firmly 
to the mucosa of the host’s intestine. Temidens demimitus has a I)ijcca! 
armature of tooth-like structures <lirected antcriad, and serving both for 
tissue abrasion and for anchoring of the parasite. 

In some of the helminths secretory gl.inds liavc been developed in the 
vicinity of the mouth, wliich serve in establishing the worm in a favorable 
habitat, or aid in supplying food to the worm. In the trematode.s these 
glands arc most conspicuous in the mirncidial juid ccrearial stages and serx'e 
the purpose of penetrating the outer tissues of the host. Tliey consist of 
paired unicellular glands, ‘ 'tuhule.s; 

they secrete a lytic subst • • • lel in the 

host tissue through whicl ‘ . , ! * mbryo of 

certain tapeworms is also provide<l with glamls, the secretions of nhicli 


cysiogenous glands in the hypcKlcrmis. The fliiirl "sets” to form a more or 
less resistJint metnbrane around the larva. Such glands atrophy when their 
temporary function has been served. Some adult Ihikcs also have clusters 
of glands in the region of the mouth Imt their use Is not well understood. In 
the case of the hookworm there are glands present in the region of the buccal 
opening u-liicJi possibly have an ant;-«)agul.‘iting, as well as histojytie 
action, so that the ^^orm, when once attached to the intestinal mucosa of 
the host by its buccal armature, may have a continuous supply of un- 
coagulatcd blood, as well as predigested mucosa cells, for its food. 

The by-products or metabidites of the endo-parasitie helminths may be 
grouped into two classes: (I) TIic ordinary katabolic wastes produced by 
the worm, which may or may not be harmful to the host, and (2) specially 
elaborated secretions, which have n deleterious effect on the host. If the 
worm lives in the digestive tract, its waste products ordinarily pass out 
with the excreta and, unless there is an overwhelming infection, little harm 
to the host results. Certain worms, however, whether free, firmly attached 
to the intestinal wall, or resident in the more intimate tissues of the body, 
discharge secretory products uhich arc absorbed into the tissues and which 
are believed to produce veiy' definite locjil, or systemic reactions. Thus, 
hookworm disease and broad fish tapeworm infection are occasionally 
associated with an anemia which resembles a pernicious type, although the 
usual blood picture in these infections is that of u hypochromic, microcytic 
erythropenia. The blood flukes and Trichinclla larvae cause a profound 
eosinophilic reaction. Ascaris, Trichocephalus and Ilymcnoicpis give rise 
to nervous symptoms, particularly ninoug small children. These and other 
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worms at times give rise to hj’persensitization reactions and to severe 
hematuria. 

All of the structural adaptations of helminths for protection against the 
digestive and abrasive processes constantly at work in the intestinal lumen 
of the host, as well as those assisting the worm to secure a better attachment 
to host tissues, are to be reckoned with by the physician in estimating the 
seriousness of a particular infection and even to a greater degree in ther- 
apeutic procedure. Since the integument of most of the adult worms has 
been developed to resist action of the digestive juices of the host’s body, it 
also resists the action of many of the drugs which ere in common use by the 
clinician. Whether the uorm lies free in the intestinal lumen, as .Iscaris 
normally does, or attached to the intestinal wall, as the hookworm, tape- 
worm, and Fasciolopsia, or imbedded in the intestinal mucosa, as S(ro7igi/- 
hides, TrichincUa, Meiagonimiis and Ilcterophpes, or has its head deeply 
inserted into the intestinal wall, as Trichocephalm, a drug to be potent 
must be (1) cither narcotizing or lethal to the worm, and (2) at the same 
time, must be capable of reaching the place where the head of the worm is 
attached, so that it will be absorbed into the inner soft tissues of the worm, 
killing the tissue, or at least causing the muscles to relax and the normal 
activities of the worm to be inhibited, 
ments it is valueless as an anthclminth • 
also to the blood flukes and the “live 

namely, that the drug, in order that it may be cnective, must actuaiiy reach 
the focus of infection in narcotizing or letlial dosc«. 

The most conspicuous Increase in organs or tissues of the helminths ns a 
group is that of the reproductive system. Hoth the I’Jatyhelmintlies nnrl 
the Xernatoda have a large part of their body-mass occupied b> these 
organs and their products. The adult flatworins are, with few e\ceptions. 
hermaphroditic; the roundworms are almost entirely diecious In both 
groups the volume of reproductive products is enormous for the mass of the 
worm. The rapidity with which these products arc manufactured is wpiallx 
rtstoinidiug. The dcscrijjtion of important types of ropriKluctive organs 
will he f<)un<l under the sections in the text dealing with the respective 
groups of helminths. 

'I'he adult flukes and tapeworms have p.irticiilurly compfev reproducti\e 
organs, directed towards one end, t. r., the production of us iniin\ eggs as 
possible with the fewest opi>ortimities for mishap to these rej)rodueti\e 
pr<Mlucts. To this cud, in lx>th gmups. cross-fcrtilizatinn. whieli was 
formerly the rule and is still a possibility, has been inostl\ stiper'oded b\ 
self-fertilization. In the tapewonns, instcjwl of a single bodv unit there are 
multiple “segments” or proglottids, each one M*\uall\ tT>m|iIete in itself. 
'I’hus, n .single worm mas iinxluee fcrtiliztsl eggs munhering into the tens of 
thousiinds (lail\ Whili- all of the parasitie roundworms of man. w ith the 
possible exception of Sirniiqiilddrs, mjutre a male attendant u|X'n the 
fem.de for the pro<luctinii of viable eggs, the life e\ cles of tlie nieml>ers of 
tills group are, as a rule, ^olne^^hat less t'oiuplieatcs! than those of the 
flatworms. so that to them this m|iiiremeiit is not a vrioiis h.imlicaj) In 
irrtain eases, howe\cr, infection with n single x'x produces eomiiliejitioiis 
for the rli.igni>'tici.in. The unfertilizisl <^»gs of .l.»'sirf», fnxjueiitb indh-ji- 
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tjve of infection with femnlcs only, .ire %'ery different in appearance from 
the fertilized ones. Infections with only mule worms of tliese and other 
species cannot be diagnosed by the recovery of eggs in the feces, so that 
diagnosis must be made in less direct ways such as objective and subjective 
symptoms, follo\\ed by therapeutic tests. While a single male Iiookworm 
has no clinical significance (and it is highly improbable that any consider- 
able number of males would be present in an infection without at least one 
female being in the group), infection with a single male /l.^cnrw frequently 
produces siifficient digestive and nervous symptoms to justify therapeutic 
procedure. 

Although the majority of pjirasitic roimdworms have no reproductive 
stage outside of the host in winch the adult worms reside, Strongjjhules 
frequently has at least one free-living generation alternating with the 
parasitic one. Tlic majority of the tapeworms Hkewi'sc have no reproduc- 
tive cycle outside of their fit)al host; however, the larva? of Multicrps, 
Echinococcus and, at times, Diphyllobtfthriiim arc exceptions to this rule. 
These latter species are all of special clinical importance, since the larval 
stage of each of these species is known to parasitize man. 

In all of the trematodc parasites of higher animals, there arc ahvnys two 
reproductive generations outside the definitive host. Tliese occur in the 
mollusc. Thus, in Schistosoma jaj>onioum infections, where each female 
worm lays several hundred eggs per day, it is proliahlc that the larva (t. e„ 
the miracidium) from eacli viable egg, after hatching and penetrating the 
tissues of the appropriate snail, gives rise by a two-gcncration propaga- 
tion to 10,000 or more progeny, capable of infecting tlie human Iiost. 
Unlike bacteria, however, tlic majority of the adult helminths, once 
arrived in their final host, do not multiply within that liost, nltliougli in 
certain helminthic infections tlic eggs, wiicn laid and c.xtruded Into the 
tissues, are undoulitedly more pathogenic than the worms themselves. 

Two systems of organs, tlie nervous system and the e.xcretory system, 
the former in all parasitic helminths ami the latter particularly in the 
trematodes, have been little altered in tlie adaptation of the organism to a 
parasitic existence. They are, therefore, of little significance to the clini- 
cian, but to the medical zoologist they arc vcr\‘ useful in showing the rela- 
tionship of species, genera and families one to the other. The arrangement 
of the excretor\ system, which has l>een found to be identical in the cercarial 
larva of the three human scliistosome species, is an admirable illustration 
of this fact. 

Viewing the group of parasitic helminths as a whole with respect to the 
successive stages of adaptation which they have undergone and are under- 
going, one is able to appreciate how v.ist and how profound have hcen the 
alterations from a free-living existence, and how dependent the parasite is 
upon the host, when once it has become so adapted. 

Because parasitism is so wasteful in the production of reproductive cells 
that never reach the next host, particularly where two or more hosts are 
involved in the same life historj’, the reader may rightly wonder that the 
life cycles are completed at all. Yet under suitable conditions the parasite 
multiplies so enormously and produces such ravages in its hosts that 
eradication or control of the infection can only be effected by the most 
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enerpetic measures, based on a thorouph understanding of the epidemiology 
of the infection. From a preventive standpoint it is, therefore, essential 
that the physician appreciate the epidemiology and biology, as well as the 
pathology, symptomatology, diagnosis and tre;it!nent of helminthic infec- 
tions. Likewise, from a standpoint of anthelmintic metlication, it is 
necessary that the phjsician acquaint himself thoroughly with the habits 
of the parasite, as w’ell as the drug of choice, its dosage and its contraindica- 
tions for a particular infection or group of infections, in order that he may 
manage the case satisfactorily. 

GLOSSARY OP ZOOLOGICAL AND MEDICAL TERMS 

Abicesf.— An inflammatory process, consisting of a collection of infiltrated poly- 
morphonuclear cells around localized necrotic ti&sue, in a liquid or semi-liquid 

“.sucker.” 

Affg^ulinahon.— Clumping or agglomeration of microorganisms or their parts 
resulting from introduction of sentm or other clectrobde containing specific 
antibody. 

Allergenic —Inducing allerg}’ 

Allergy —Exaggerated sensitnencss on the |»art of certain individuals to specific 
substances m amounts producing no appreciable reaction in tbe majority of 
induiduals of the same sjwcies. (See anaphylaxis ) 

AmpAid.— One of a pair of chemo-rcceptors situated at tbe anterior end of nema- 
todes, 

i4n<ipfcyfo*is.— llyperscnsitization to a protein or other undenatunzed substance 
introduced into living ti‘s«ucs following previous sensitization to sucli subvtancc. 
(See allergy.) 

Anemia.— A deficiency in the quality or quantity of the red blood cell-s. 


number. 

yficTOCyltc — Dccroa‘>ed size of red blood cells uMiallyn^'^ociatotl with a dccren‘=o 
m their mimbor. 

iVormoci/bc.— Reduction in numlicr of ro<l blood cclU without change in their 
Kize 

dfitilHv/y — Sjiccific substance pmduced by Iisiiig tissue ns a reaction to the intro- 
duction of a natural hircign protein or other undciiatunzisl materwl. 

/Inhpen.— Any substance winch, on introduction into the tissues, cnu«es priMhiction 
of nntiliody 

Asymptomalie. Without subjective evidence of di-eavc 

Asynilromie — I.ackmg syinjitoms which are usually av-»*ciatc<l m an infection 

.tii/mn/fr/ion. Rcinfcctiun without cx|^o^u^e from tlieciiMronment, solf-infcctuin 

7ti»r»a (eopulalrix) — -ITinbrcll.s-hke cxixinsion of the caiuksl end of the ni.slc in 
certain grmijis of ncniatixlcs (i c , Inirsntc nematoilcs). 

Copvilc - A membrane or wall ksid down by host’s cells nrniind liMiig or inert 
foreign IkxIics, l>cing a jirotectne resetinn of the lus-t, likewi«e a membranous or 
fibrous cmcring of an organ, as tbe h\cr, spleen, kidney or adrennl gkaiul 

Cnrrtfr - A bn-t wliicli h-irlHirs a particiil.sr jiathogen witliout manifc-t.ations of 
ili-easc. 

Cflomynnat Mii<cle sfnirttire in ficniatrsfes, m which the mii'clc fif«rrs are not 
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only nc\t to tlie bubcuticula but “also extend varying distances up tlie side of the 
muscle cell and partially enclose the sarcoplasm” (Chiti\ood, 1934, 1937). 
f'crcana —The larva (usually possessing a tail) which escapes from a sporocyst or 
redia generation of a trematodo within the molluscan host, and constitutes the 
transfer stage to the next host, 
rcrcnriarwm. —Cercaria with a tail underdeveloped or lacking. 

(Vreomer.— Inatapeworm embryo, the caudal vestige of theoncospheie, containing 
the six booklets 

Chrome Stage.— A post-acute period in uhich the symptoms arc less severe as a 
result of tolerance or repair of damage. 

Chylocele — A condition in the tunica vaginalis of the testis due to milky effusion 
from the lymphatic vessels, as in Bancrofts' filariasis. 

Chyluna — A milkj* or cloudj’ condition of the urine resulting from discharge of 
lymph into the urinarj' bladder. 

Cirrhosis —Diseased state (of the liver) resulting from tliickening, fibrosis and 
shrinking of the supporting tissue, usually causing decrease in size of the organ 
and a nodular sui face 

firrus —Retractile muscular organ at the outer end of the male reproductive sys- 
tem of species of Platyhelminthcs. 

f'fl'nitrus —Larval cystic stage of the tapeworm MuUiccps, containing an inner 
germinal layer pi oducing multiple scolices within a single cavity. {See cysticercu^ 
and hydatid.) 

Commensal —An organism which lives at the expense of another without causing 
damage to the latter 

Complement fixation —On union of antigen and antibody, active complement in the 
medium causes hemolysis of sensitized red blood cells. 

Confcminafor.— An organism or other object which occurs fortuitously or acci- 
dentally 

ConfroL— Effective reduction m exposure to a disease, causing a decrease in incidence 
of the disease 

Coprophage —An organism winch feeds on fcccs (or dung). 

Coprozoile —An animal which feeds on feces 

Coractrfit/m — In tapeworms, the oncosphere enclosed m its embryophore after 
hatching from the egg shell 

Cotylocercous icercana) — Cercana with a short, cup-like tail used as an organ of 
adhesion or attachment. 

Cure —Successful treatment. 

Biological —Eradication of the etiological agent. 

Clinical. — Treatment which provides freedom from symptoms and thus 
improvement in the patient’s condition. 

Cuticula — In helminths, the covering layer secreted from the epidermis, hypodermis 

or subcuticular layer 

Cyst —An organism together witli the enwloping membrane or wall secreted 
that organism; therefore the encysted oi^nism. 

Cysticercoid (Jarva) — Larva of tapeworms in which the scolex is invaginated into a 
greatly reduced cystic cavity almost devoid of fluid 
Ci/sficercus {larva). — Larva of tapeworms in which the scolex is invaginated into a 
bladder filled with fluid. 

Cystophorous {cercana). — Cercaria with a bulbous chamber at the base of the tail, 
into which the body of the cercaria is retracted. 

Defense mechanism. — The humoral and cellular reaction to invasion. 

Deirid. — One of a pair of tactile papills in the cervical region of certain nematode.^. 
Difljnosis.— Discoxcry of the nature and etiology of disease. 

(7/inicnh~Diagnosis baaed on manifestations of disease. 
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/)icciOH3.— Female and male reproducti\e orjsans in dilTcrent individuals 

Three or more generations (literally “two”) required for completion of 
one life cycle, as m digenetic trematodes. 

Dysentery —Passage of frequent stools usually containing blood, mucus and cellular 
detritus, resulting from an inflamed or ulcerated condition of the intestine. 
(Pee diarrhea.) 

Ecloparasitic —laving uiion or in the superficial tissues of another organism 
Edopic —Outside the normal location, as the position of a parasite which has 
reached an atypical site. 

Egg —The completed sc.^ product following fertilization (if this occurs) of the 
female reproductive cell or ovum, the addition of yolk and other nutritive mate- 
rials, the embryonic membrane and other shell layers 
Ejaculntory duet —The muscular terminus of the male genitalia of nematodes, 
opening into the cloaca. 

Embryo . — The stage in development following cleavage of the egg up to, but not 
including, the first larval stage 

Embryophore —In tapeworms, the onvelojic immediately around the oncosphere 
and derived from it 

rndcmie.- Continued prevalence of a dL«c3Sc m a human community. (See 
f/jidmie.) 

Endopara^iiic —Living within another on^anism, including the digestive tract of the 
latter 

EmoCtic —Continued prevalence of a disease m animals. (See epizodhe ) 
Eosinophil — Polymorphonuclear leukocyte, with granule® having an affinity for 
cosin dye 

Eosmophilia - Increase of eosinophils in the circulating blood m okccss of 4 per cent 
Epidemic —A ►harp increase or an outbreak of a disease in a community. (Pee nlvi 
endemic ) 

Epidemiology —The sum of knowlcilgc concerning the propagation of disoivsc< 
Epidermis.— TU q outermost layer of tis.sue of n mct.'izn.an organism 
Epithelioid cell —Cell with abundant protoplasm, phagocytic in nature, prc'Ciit in 
foreign-body type of reaction, believed to originate from hi«tiocytcs 
Epizootic. — A sharp increase or an outbreak of a disease in animals 
Erndication —Complete elimination of an etiological agent m an individiml, a group 
of persons or a community 

Fzposiirf.— Opportunity or circumstances which allow entrance of parasites into 
the bodj of the host. 

Filiroeytc — Illongated cells dcriveil from connoctive-tis-sue celN, tlic fihrobl.s'-ts, 
functioning in the proiliictioii of fibrous (is.vuc 
Fi^rosis.— Diseased state of an organ or (issmcs due to infiltration of fifiroci tes, with 
Mibscqucnt deposition of fibrous tis*.iic, in the process of repair 
Filariform (lana) —A j)Ost-fccdmg-«tage nematode hrva charnctonzrtl bv its 
ilolicato, elongate structure and it® slim, capillarj' esophagus 
Flame cell. Pee soffiiocyfc 

Fnrrwcrrom (rrrcnnn). -Pork-taileil, ns the ccrcaria of schi'tosonie, Ktrigcid, 
rlinosloniatiil and gnstenistome Ireinatode®. 
ficnilnf nfcMim - In Plstjliclminthes, the aiitecluimlier to tlic genital tubule® 

(iianl cell Large multinucleate cell of the rrticulo-cndothehal system, frofiucntly 
present in foreign-bod.i tjixiof reaction and leading to pro<luction of graniiinmas 
Conohjl (icmtnl sucker, retractile and 8«sochted witli, nr mcnriwiratcsl into, the 
ventral sucker, in certsm «peeies of IleteropImiL-r (tremato<li'v). 
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Oranulorna.^A tumor made up of p-anulatinR tissue, at times produced around a 
number of pseudO'tul)crcles. 

Grand —Filled witli crrs, as a Rravid pinwonii or pravid proplottid of a tapeworm. 
Ouhermcuhm.--\ small, sclcrotinized, acecssorj* structure in male nematodes, 
as.sociated with the spicules. 

(?j/mneccp/ifl/o»s (rerrorm).— Literally, “naked beaded”; ccrcariao wltliout orna- 
mentation of body or tail, ns the cercaria of Fasciola hcpatica. 

Gijnccophoral canal.— In certain male sclustoNOtnes, the incurved portion of the body 
extending from the ventral sucker to the caudal extremity, for carrj'ing the 
female during insemination and o\i|K)sitioii. 

//oplor.— Organ of attachment; an acetabulum, as the pre-oral, oral, or ventral 
sucker of trematodes 
//cmn/ciacsis.— Blood in the vomitus. 

//cninturifl. —Blood in tlie urine. 

Hemoptysis —Discharge of blood from the respirator}* tract. 

Hermaphroditic —Containing both male and female reproductive organs ;monecious. 
//cferoponic.— Development in which both females and males are present in a colony. 
Hexacnntk cj«6rj/o.— “Six-hooked” embrj'o, the mature embryo within the egg of 
many tapeworms, including all species which parasitize man. 

//is(ioci//c.— Large phagocytic cells of the rcticiilo-endotliclial system. 

Fixed Aistiocytc.—Attachcd to wall of sinusoids, ns KupITer cells of the liver, 
irnndcnnj ccf/.— Histiocytes which migrate through tissues and body fluids. 
//o/ej7Pntc.— Development m which only one sex (usually the female) i* present in a 
colony. 

//o/oMiynrvnf,— Muscle arrangement in nematodes, m wliicli the cells are small, 
numerous and closely associated so as to apjiear like a single b.ind. (See mcro— 
myarial and polytnyarial.) 

Host —An organism which harbors and nourishes another. 

Alternate host —One w Inch alternates with another in the life cycle of a jwirasite. 

Mosquitoes and man are alternate hosts of Bancroft’s filaria. 

Definitive host —One in which the terminal (frequently sexual) stage of the 
parasite occurs. Man is the definitive host of Bancroft’s filaria. 
Intermediate hast.— One which alternates w ith the defimtixo host and frequently 
harbors the larval stage of the parasite. Man is an intermediate liost of 
Taenia solium as well as the definitive host, 
flescrroir AosL— One m which the infection usually resides; also one wliich 
harbors the parasite when man is not infected. Buminants are reservoir 
hosts of most species of Tnchoslrongylus (nematodes). 

Hydatid q/sl.— Larval cystic stage of the tapeworm A’rAinococci/*, containing an 

• • ’ • • t , » f . - Jjjp cyjitic 

. community. 

Hyperinfectwn . — Internal aiitoinfection, as in strongj’loidiasis, oxyuriasis or 
hymenolepiasis nana. (See auloinfection ) 

Hypodermis. — In helminths, the layer of tissue immediate!}’ below the epiderrm*^ 


sure or X’accination. 

Passive . — Immunity resulting from introduction of immune bodies developed 
in another ho.st. 

Incubation Period.— Biological . — From the time of invasion of the host until 
maturity of the parasite, tlie prepatent jieriod. 
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Clinical— From the time of exposure until the appearance of symptoms. 
InfecUble. — Capable of, or susceptible to, infection 

Infection. — Existence of parasitic organisms tcilhin the body of the ho«t; enrfo- 
parasibsm. 

/n/ecb'ous.— Containing the property of producing infection. 

. Stage of a parasite capable of producing infection. 

Infestation —Existence of parasitic organisms on the outside of the body of the host, 
or in the superficial tissues; eclo-parasitism. 

Inoculation. — Active or passive introduction of parasites into the body of a host, 
without nece^sarlly denoting a “take” or infection; also introduction of an 
inoculum into a culture medium 

Intradermal reaction — Development of an inflammatory or edematous wheal in the 
skin, following introduction of antigen homologous to antibody produced in the 
tissues. 

Larra.— The post-embryonic stage, in which internal organs are developing or are 
de\ eloped and arc at least partially functioning. 

Laurer's canal — In trematodes, a tubule leading from the dorsal surface to the 
region of the ootype and seminal receptacle, it may be iwitent, vestigial or lacking. 
Leukocytosis —Increase in number of the white blood cells 
Leukopenia —Decrease in number of white blood cells Mow average. 

Longitudinal "lines."— In nematodes, four cords, one median dorsal, one median 
ventral and two median lateral, extending from the anterior to the posterior 

Ly ' 1 

small amount of cjicplasm, arising from lymphoid tissue. 

Lymphocytosis —Increase m numlicr of the lymphocytes 
Lysis -Digestion of cells or tissues by enaymatic action. 

Macrophage —A large phagocytic cell of the body. 

Mature (progloltul) —Containing fully develop^ rcproiluctive organs of ta|>e- 
worms 

Mehlis' glands — In I’latyhelmmlhes, the glands surrounding the ofitype 
Meromyanal —Muscle arrangement m nematodes, m which there arc only a few, 
frequently only two, flat muscle cells in each quadrant of a cross section of the 
worm. (Sec hohmynnal and potymyarial ) 

Metabolite —Any by-jiroduct of a living organism. 

Melaeerearia —The stage of trematodes succeeding the ccrcana, follow ing loss of the 
tail This stage may actively invade the definitive host (blood flukes) or may 
become encysted and await jwssivc transfer to that host. (?ec scfcistoiomubim ) 
Alternation of sexual and asexual reproduction 
Mctrnlcrm —The muscular, terminal portion of the uterus m Platyhelmmthcs. 
Microcercoits {cercarin) ~ Cercaria with a short, stumpy tail, as the ccrcana of 
I’nrngonimu.s iccstcrmani 

.Mtcrofilnna. The uncoiled emliryo of a filarin, which either csca|>es from the egg 
shell (i c , IS “unsheathed”) or causes stretching of the shell into an clongateii ksc 
acconimodatcsi to the iincoileti embryo (i. e , is ‘Mirathwl”) 
t/irncidiMin The hrv'n hatclieil fnim the egg of trematodes 
Monrrious - Containing lioth female and male repixaluclivc organs m the Mine 
orgsnisin or repixKluctivo unit; hermaphroditic. 

Monocyte A large leukocyte with slightly curveil nucleus and apjireciable cyto- 
plasm 

Monocytosis Increase in i)uni1>er of rirrulating monocytes in the hlofKl. 

Moungrnrtir A single generation constituting a complete life cycle, a« in niono- 
genetie trematodes 
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Neutropenin. — Decrease in number of neutrophils below average. 
iVeuiropAW.— Polymorphonuclear leukocyte, with gramiles having a neutral staining 
reaction. 

iVor?noWash— Immature red blood corpuscle which still has a nucleus. 
Nosogeography.- Knowledge concerning the geographical distribution of diseases. 
Oncosphere —The stage w hich hatches from the egg shell and later escapes from the . 
embryophore of tai)Cworms; in human tapeworm infections it is O-liooked (i. e., 
a hexacanth embrj’o). 

Outijpe —The chamber in the reproductive system of Platyhelminthcs w’here 
typically the several components of the eggs arc assembled. 

Ovejeclor.~A muscular organ in some female nematodes which forces eggs from the 
uterus into the vagina. 

Oi'ipnrous.— Egg-laying. (See viviparous.) 

Ovum. — The naked, mature female cell preceding the addition of an cmbrj’onic 
membrane and outer shell Layers. 

PondeHiic.— Wide-spread epidemic. 

Parnsde.— An organism which lives at the expense of another organism. 

FacuUalicc —One which may employ cither a free-living or a parasitic mode of 
life. 

Obhgalory.— One which necessarily lives a parasitic existence. 

Parenchyma.— In Platyhelmmthes, the loose, usually undifferentiated tissue which 
forms a matrix in wlncii the vi.«cera arc cmbeilded. 

Parthenogenesis —Production of progeny from the owim without fertiliration. 

Patent —Open or apparent, as indicate by unmistakable signs, like eggs in the 
feces or microfilariae in circulating blood. 

Pathogen.— A parasite causing injurj’ to a host (See coinmeiisal and pnrasiVc.) 
Pathogenesis —Development of disease-producing processes in an organism. 
PfllAojnofflonic.— Characteristic of a disease process. 

Pathology —The sum of information concerning disease-producing processes. 
Phagedenic.— A slouglnng, spreading, chrome, ulcerated condition. 

Phagocyte —Scavenger cell 

PAasmid.— One of a pair of caudal chcmo-rcccptors in certain nematodes (i. e., the 
Phasmidia) 

Plalymyarial —Muscle structure m nematodes, in which the muscle cells all he next 
to the subcuticula and their sarcoplasm is uncovered on three sides next to the 
bodj' cavity (Chitwood, 1934, 1937) 

Pferocercus {larva) —A tapeworm larva in which the scolex is embedded in a greatly 
enlarged tail, i. c , a sparganura, os in Diphyllobofhrium latum. 

Pteurolophocercous {cercaria).—A small cercaria, with pigmented eyespots, an 
anteriorly directed, protrusile oral sucker, numerous salivary glands, and a long, 
powerful tail provided with a pair of fin folds 
Pneumonitis — Localized inflammation of the lungs; atypical pneumonia. 
Polyadenous {cercaria), — Cercaria with a stylet and paired groups of penetration 
glands. Example: Cercaria polyadena Cort, 1914. 

Polymorphonuclear leukocyte.— Vlhite cells with nuclei which are segmented when 
mature, typically containing granules They are classed as neutrophils, eosino- 
phils and basophils. 

Polymyarial — Muscle arrangement in nematodes, m which there are many muscle 
cells in each quadrant of a cross section of the worm. (See holomyarial, mero- 
myarial.) 

Precipitation reaction.— Non-specific, particulate precipitate, occurring from intro- 
duction of distilled w ater into blood plasma and due to excess globulin formation 
in certain diseases 

Precipitin test.— Demonstration by fin<» precipitation of specific antibody in blood 
plasma on introduction of homologous antigen. 
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iVecfarious.—Havins the characteristics of a predator. 

Predator.— An animal which kills or renders its victim insensible in order to consume 
it in whole or in part. 

Prepotent period —The biological incubation period. 

Proboscis.— In Acanthoccphala and in the dog tapeworm (Dipylidiiim carnnvm), 
anterior protnisile organ, typically studded with booklets 
Procercoid (?aria).— The first larval stage of pseudophyllidean tapeworms, which 
dev’elops from the oncosphere, it contains a body proper and caudal vestige of the 
oncosjihere, the cercomer. (See cermoner.) 

Proglottid —One complete unit of a tapeworm, commonly called a “segment ” 
PropAy/aiis.— Prevention. 

Pseudo-abscess— A collection of infiltrated host's cells, primarily of the reticulo- 
cndotlielial type, around a living or inert foreign body, ns around infiltrated 
helminth's eggs. (Sec abscess.) 

Pseudocele.—Tiody cavity of nematodes, not lined with mesothelnini, s.ime a« 
schizocele 

Pseudo-parasite —An object (living or dead) which maj’ be confused with a parasite, 
a spurious parasite 

Pseudo-tubercle.— A foreign-body reaction resembling a tubercle but not provoked 
by tubercle bacilli (See tubercle.) 

Refractory —Not readily infcctible, likewise not amenable to therapy. 

Reticulocyte —Young rod blood corpuscle, more mature than a normoblast, but 
retaining a reticulum which is revealed by intrantnl staining 
Tfetro/ection.— In o\7uriasi3, a variety of autoinfcction in whicli larvaj hatch from 

IS is 

, the 

body 

Ro^Ullum The somewhat protrubcranl apical portion of tlio scolcv of certain tape- 
worms, fre “ ’ • • /I ..... . • m solium. 

/inprophage 
Snpromte - ‘ 

Schstniomulum —Immature stage of schistosomes or blood flukes, from the time of 
entrj’ into the definitive host until the worm reaches pcxiial maturity. (Sec 
mclacercarta ) 

.ScAizorc/c.— Body cavity m nematodes, not lined with mcsothelium, same ns 
psciwloccle 

.SVofox —Attachment end of a tapeworm, commonly referred to ns the “head ” 
.Seminnf receptacle (rcccplaculum srmtnis) —The storage rescivoir for spermatozoa 
in the female. 

Stnnnnl tcmcle (icsicula tcrninalia).— The storage rcscrx’oir for sjicrmatozoa in the 
male 

.Sensitization - Process or state of sensitiveness or hypcrsusccptibihty to specific 
suiManccs m contact with l>ody tissues. 

.Sign. Objccti'c evidence of disease. 

.SWcnon/tc. — I.itemlly, ‘'can.sl cell.” In I’latyhclminthes, the cell with a tuft of cili.a 
at tlie lirad of e.scli capillary in the excretory Fj>tem; commonly called “fl.sme 
cell " 

.Spnrpmiiim. The M'cnnd larval stage of psrudophyllidran tapeworm®, clismctcr- 
ize<l by Its eIongatc<l *h.spc and lack of a cystic caxity; it is a pleroccrcu« hr\a 
Sptculc* (copulatory) —Two, oral times only one, lin-lle-like. Lanceolate or h.a*late, 
sclerotinize.! slructiiri". in the outer genibil ehamlier of male nematode®, intro- 
<liiee<l into the xiiha or vagin-s of the female at times of insemimstinn 
Sporadic Ocra*ionsl oeciirrenre, as of a disease 
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SlTobila.—k complete tapeworm, consistinf; of acolex, “neck,” immature, mature 
and usually gravid proglottids. 

Slrobihzalmn.— Asexual production of a (series of sexual reproductive units, as in a 
tapeworm. 

Superinfeclion . — New infection supcrim|)oscd on an existing one of the same kind. 

Symhionl.—Oiid of two organisms which live together to the advantage of both. 

Symbiosis.—St&tc of two organisms living together for mutual advantage. 

Symptom.— Any evidence, subjective or objective, of di.sease in a patient. 

Syndrome.— A set of associated fymptoms. 

.Si/ni/nmj/.— Permanent union of both female and male reproductive units; at times 
the male element is greatly reduced and is iinrasitic in the female. 

Tetralhyridium . — In the tapeworm genus Mesoeestoldes, the second larv'al stage in 
which the scolc.x with its four suckers is invaginatcd into the anterior end of a 
plcrocercus type of body. {See pleroccrctis.) 

T/ierapy.— Treatment or medication. 


Toxin.— A poisonous substance in the secretions or excretions of a parasite 

Trnuma. —Injurj’ produced by mechanical proces<?cs, by digestion, erosion, toxins or 
indirectly by inflammation. 

Trichocercoua (ccrcartn).— Ccrcaria liaving a tail provided with conspicuous spines 
or bristles 

l/feru3.— The tubule containing the fully formed eggs. 

rapina.— An outer chamber of the female genitalia in nematodes; also the tubule 
leading from the genital atrium to the ootype in Cestoidea. (Sec tn/fio.) 

T'crii —An enlarged, tortuous vein, artery or lymphatic vessel. 

Pas deferens.— The common male duct arising from one or more va«a efferentia and 
leading into the seminal vesicle. 

Vas efferena.— The male duct conveying spermatozoa from the testis to the va.s 
deferens. 

Vector . — A transmitter of parasites 

Biologxcal vector.— A host essential to development and transmission of a 
parasite 

il/ec/iantcal vector . — A non-essential disseminator of parasites 

Vermicide —Therapeutic agent which produces death of a helminth. 

Vermifuge . — Therapeutic agent producing evacuation of a helminth without neces- 
sarily causing its death. 

Vilellaria {vitelline glands ). — The glands in Platyhelminthes which produce j’olk 
material and probably also the shell of the egg. 

Vitelline membrane . — Tiie innermost layer in the shell of fertilized eggs of helminths. 

Viviparous —Discharging living young. (See oviparous.) 

Vulva — The outermost, unpaired chamber of the female genitalia in nematodes. 

Tl’^orm burden . — The number of worms present in the host. 

Xiphidtocercaria . — Cercana with a stylet, median dorsal in position in the oral 
sucker, having associated penetration glands w'lth duct openings on either side 
of the stylet. 
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THE FOUNDATIONS OF HELMINTHOLOGY 

THE ANTIQUITY OP HUMAN HELMINTH PARASITES 

Although parjisitism in the Animal Kingdom has undoubtedly been a 
relatively recent event when compared with the main lines of development 
of free-living groups of organisms, it was unquestionably well established 
millions of years before the dawn of human history; and, while the distribu- 
tion of various species of parasites may have been altered within historic 
times by the migration of the races, it is reasonably certain that all of the 
common species of human parasites are far older than the human race 
itself. The evidence for such belief is necessarily a 2>riori but nevertheless 
convincing. Some of the present-day parasites of man are lineal descend- 
ants of those which adapted themselves to man’s simian ancestors, while 
others are common in the animals which man domesticated. Certain 
infections which are apparently non-pathogenic for other animals, cause 
severe symptoms in man, thus giving evidence of a shorter period for adap- 
tation in the human species. Furthermore, many of the parasitic forms 
which now require two or more hosts, Including man, in which to complete 
their life cycles, may have originally only utilized one, the present larval 
host, or, in the filaria worms, possibly the present definitive host, with the 
developmental larvae In the Arthropo<l host as free-living stages. Finally, 
physiological difTerences among parasitic species in man and other mam- 
mals, where morphological structures appear to be Itlentical, indicate that 
the parasite has hecoinc cstabhshe<I In man sufficiently long to have 
actiuired a relatively fixed adaptation. 

Referring particularly to the human helminth para''ltes. certain species, 
which require a period of development oul.sideof tlic human body, prohabI\ 
adapted themselves slowly from a free-living to a parasitic e.xistence. This 
latter point is well illustrated in the instance of several nematode parasites 
infecting man. Strnngi/Iaides, %vhich can probably Ii\e indefinitely outside 
the liody, is uiidoubteilly a recent hiiinan parasite. The liookworm, whicli 
exists for the pcrio<i of its larval development as a free-living organism, 
pnsuniably has a longer history as a p,irasitic organism, while .l.^rorw. and 
to an even greater extent, TricktKfphtlui and tlnicmhxu^, show cvnlencf 
of long-continued existence ns esseiitialh iKirasitie specie.s. The helminth 
parasites of the blood and li mph channels have undergone more /jrofoimd 
adaptations, particularly of a physiological character, than those of the 
<!igcstive tract or its imtpockctings, suggesting that tlie former are |Htsslbl\ 
far the older. 

Thus, essentially all of the helmintli parasites of man of the present time 
must have been human infections a hundred llionsiuid jears ago. while 
other infectnnis now found a!im»st exelnsively in domestic inaminals but 
|H)tentiall\ p.irasites of man, must lia\e nl-o liecn man’s burden in earlier 
time's. Thedlaria! Age hunter of wild oxen and wiki Imars Ix'Oame infectisl 
with taiK'worms. .Imirit and Trichinrlla. 'Hie primiti\e fidierman 
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acquired, with his consumption of raw fresli-water fish, fish tapeworm 
( Diphyllobothrium) and certain liver-fluke infections (opisthorchiasis, 
clonorchiasis). The herdsman, mingling with !iis sheep and his dogs, was 
exposed to hydatid disease. As he drank from an oasis pool, where a 
previous traveller had bathed, he subjected himself to Draatncidus infec- 
tion. Insects stung his unprotected body and in so doing conveyed filarial 
infections to him. As he began to settle down and till the soil, he came 
more and more in contact with others of his own species and race, so that 
unhygienic conditions developed from the accumulation of infected human 
excreta, with the result tliat hookworm disease and infections with Strongy^ 
hides, .l.?caris and Trichocephalus became endemic. In the Nile and in the 
Yangtze ^'alleys fishermen and farmers wading about in the irrigation 
canals acquired schistosomiasis. The rat conveyed Ilymenolepis infection 
and the dog flea, DipyUdium infection. So at the dawn of history foyers 
of helminthic infection wore distributed throughout the entire habitable 
world. 

KNOWLEDGE OF HELMINTHIC DISEASES BY ANCIENT PEOPLES 

The annals of the Accadian peoples refer to Ascaris and tapeworm. The Eber’s 
Papyrus (10th century b.C.) h the oldest record in which a helminth is regarded as a 
pathogenic organism, the diseases “AAA” and "UH A” being attributed to n 
worm (“Heltu”). Although it is impossible to say whether the worm referred to is 
on Ascaris, a hookworm, a tapeworm or some other helminth, it is interesting that 
symptoms were attributed to the prc«ence of this “bow el worm” and that a remedy, 
extracted from the bark of the pomegranate tree, Punka granalum, was prescribed 
for its expulsion The use of quisqualis seeds and betel nut by the (5hinc«e as 
vermifuges also dates back into early' historical records. Egyptian mummies have 
furnished evidence of the existence of Schistosoma hsemalobium, the causative 
organism of vesical schistosomiasis, in the Nile delta during the 13th century b.c. 

(t c., calcified eggs of this worm found in the kidneys of two mummies of the 20th 
dynasty, identified by Ruffer, 1910). 

The Hebrews were instructed in the laws of sanitation and hygiene by Moses, 
who had secured his learning from the Egyptian priests. The “fiery serpent” in the 
wilderness of Sinai was probably the Medina or Guinea worm, Dracunciihn medi- 
nensis, and the likcne.ss which Moses made by winding the “serpent” around a rod 
(Numbers 21 fi-9) is believed by some medical historians to have served as an 
example for the people m extracting the worm from their tissue.s by winding it 
around a stick, the simple method employed by Arabs and Africans in infected areas 
today Moses likewise separated the animals into “clean” and “unclean” on the 
basis of those free from, or infected with, visible parasites. This was particularly 
true of goats and kids, first offered for sacrifice and later eaten by the priests Goats 
in Syria today are heavily mfectcil with Fasciola hepatica, and the people eating 
the infected raw livers acquire "halzoun” (t. c , “suffocation”) or pharyngeal 
fascioliasi'? All scavenger beasts and birds were prohibited from use as food, 
including hogs and camels, birds of prey, reptiles, snails, etc , because their flesh 
was infected with parasites (Lev, 11). Likewise all animaK not on the prohibited 
list, whose flesh was found infected, were required to be burned (1490-1450 n.c.). 
Furthermore, Moses advised the people to beware of “infected water,” winch, no 
doubt, at that time, as today, contained Cyclops, infected with the larva? of the 
Medina worm (Dracunciihis medmensis), as well os the free-swimming cercan.T of 
Schistosoma hsemalobium. Later the Hebrews were instructed in the method of 
drinking water from theii hands rather than lapping it up directly from a stream, 
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possibly so as to avoid the ingestion of blood-sucfcing leeches (Gideon’s army, vide 
Judges 7:5-7). 

Aristotle mentions tapeworms. Echinococcus disease was diagnosed by the 
Greek physician Hippocrates, who described an operation for removal of the 
hydatid cj'st. This parasite w-as also knowm to Aretirus and to Galen. 

The most ancient medical record in the Christian Era, of interest to the helmin- 
thologist, is that of Avicenna, a Persian phj-sician, who was born in 981 a.d. and died 
in 1037 A D. He described four kinds of worms: (1) Long worm^, apparently 


proglottids of Txnia sagxnaia, acquired from eating raw beef, a eu«tom common 
among butchers in the slaughter houses of Cairo t^ay, often found m the small 
intestine, ’ ■ ’ »» .* . t anus, 

causing a • them a very 

potent nn , . , , ms, probably 

Enlerohmsiermievlaris, common in the cccnm and colon, often migrating out of the 
anus, causing little harm, but producing discomfort in the form of itching around the 
buttocks; for them encmata with salt water wore recommended; (4) roundworms, 
probably the common Ascnris lumlncoides found in the small intc«tmc, more 
frequent in boyhood and early maturity than m old age, producing “malignant” 


The early Persian pliy«ici,sns al«o correlated elephantiasis w ith the presence of a 
lilaria worm 

THE BEGINNING AND DEVELOPMENT OF MODERN 
HELMINTHOLOGY 


Swammerdam (1732), Ro'cnhof (175$), O F. Muller (1773), Goerc (1800) and 
Zedor (1790, ISOO) arc all as.sociatt^ %Mtli ob^rvations on trematode spocips, princi- 
pally of a dpscniitivc nature. At first these x%orms were referred to as 'Viicking 
worms” and were confused with the leeches. In ISOS Hudolphi ga\e the group the 
n.ame " Trematoda,” from rpijuariWa or “body [Hcrceil with holes ” For the nest 

.• * . . > f- /.Qniv .. » - O t 1 /ten-v 


fluke, Fa'ciolopsis bii'ki, and Bilharz (18.7]), the human bIo<K! fiuke, 
Aa-motolouw, and the small mte«tinal fluke, //fferopAyesAf/oropftyri* There follow e<l 
the finding of Clonorehif mnensisby McConnell m 1874, of Parngommua by Kpr1»ert 


come within the Ia«-t few ilir.ndes Ilr^t and most imj>orl.ant was that of Fchitlntnmn 
jnjwnrcum, the caiKati^e organi-m of Oriental whi-t^tsomua'is, which h.a(l Ixvn 
recogiuzccl by the J.apancM’ a* a di«c3«e entity finer IM7 Starting with the cb'-ical 
work of riijmami (IWI). who fhnwe«I that water fnmi imgatmn ditches in endemic 
areas was the Mmrce of infection, s-anous investigators, mchnhng Mi\-a- 
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pawa (1912) and Miyairi and Suzuki (1913) first traced the route of invasion of the 
l^arasite through the mammalian body, from the skin to the mesenteric veins, and 
later demonstrated the rfile of the amphibious snail, Oncomelania {Katayamd) 
no&ophora, as intermediate host in the infection. Later Faust and Mcleney (1924) 
found that the related mollusc, Oncomelania hupensis, as well as 0. nosophora, uere 
responsible for the infection in China, where approximately 100,000,000 persons 
were yearly subject to exposure. In 1915 Leiper worked out the life cycles of 
Schistotoma hsmatobium and S. mansoni in Egypt, showing that these blood flukes 

also required a snail for J : 

were separate species. • *» . -1919), 

Ando, (1917), Yosluda • - *' V . ' )19) on 

Paragommus, in which tnese investigators lounu not only molluscs out ircsn-water 
crabs and crayfish involved; the investigations of Yokogawa and others on Meta- 
gonimu$, in which both molluscs and fresh-water fishes were incriminated; the work 
of Nakagawa (1921) and Barlow (1925) on Fasciolopsia buski, demonstrating that 
the life cycle of this fluke followed closely that of Foscio/o hepatiea and that water 
plants were the agents of hunaan infection; and, finally, the extensive studies of 
Kobayashi (1919-1917), Muto (1018), Nagano (1925-1926), Faust and Khaw 
(1924-1927) and Hsu (1930-1939) on Clonorchia sinensis, demonstrating that this 
infection required as a first intermediate host a bithjmoid snail and later, as second 
intermediate hosts, fresh-water fishes, consumption of w'hich in the raw state 
brought about the infection; and tluit practically all of the cyprinotd fishes in the 
Sino-Japanese areas were naturally infected with the encysted larv'tc of this fluke. 
The convincing investigations of Vogel (1934) on the developmental cycle of 
Opisihorchis fehneus may also be regarded as one of the fundamental life-cycle 
studies on human trematode parasites. The recent studies of Cort and his associates 
(1942-1948) on the germ cell cj’cle m trematodcs have added renewed interest in 
this fundamental phase of biology. 

As has been stated previously, tapeworms were known to the Greeks. In 1592 
Txnia was distinguished from DiphyUohothrium {Dibothrtocepkalus). Rcdi (1687- 
1695) recognized the larval stage of Tsenta, the cijsiiccTcvs, as an animal form. Not 
until 1851, hoivever, did Kuchenmcister prove by feeding experiments that these 
bladder worms represented the alternate or immature phase of the life cycle of the 
tapeworm and that, as a rule, they required a different host from that of the adult 
worm. The life history of the pork tapeworm, Txnia solium, was first worked out 
by Kuebenmeister (1855) and Lcuckart (1856), The investigations of Leuckart 
(1861), Mosler (1863), Ohver (1809) and Perroncito (1876-1877) proved that the 
beef tapeworm, Tsma sagmata, required a similar alternation of larval and adult 
hosts Von Siebold (1852), Kuchenmehter (1861), Leuckart (1862) and Naunyn 
(1803) elucidated the life history of the hydatid worm, Echinococcus granulosus. 
The dwarf tapeworm of man, Hymenolepsis nano, first discovered b 3 ' Bilharz in 
Cairo (1851), was believed by Grassi (1887) and others to be the same species as that 
found in the mouse. In 1920 Joyeux proved that m the case of this tapeworm no 
intermediate host was required, since both the larNTil and adult forms grew in the 
same experimental mammal, w’bilc Saeki in the same j'ear showed by human feeding 
experiments that the human and mouse species w'ere fundamentally identical. 
Braun (1883), Parona (1886), Grassi (1886), Ijima (1888) and Zschokke (1890) 
showed that infection with the fish tapeworm, Diphyllobothrium latum, was con- 
tracted through consumption of fresh-water foh. It remained, however, for Rosen 
and Janicki (1917, 1918) to demonstrate the complete life cycle of this parasite, 
which was found to pass its first larval stage in small copepods, Cyclops and Diapto- 
mus, before its passive entry into the fish along w ith the first larval host Following 
this discovery Okumura (1919) sliow'ed that Manson’s tapeworm, Diphyllobothrium 
mansoni, also utilized Cyclops as a first intermedmte host, but that frogs and snakes 
served as the second intermediate hosts, conveying the infection to mammals. 
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Four of the nematodes parasitic in man, Ascaris lumhricoides, Enterohius vermicu- 
Ians, Trichocepkalus tn'chiurus and Dracunculus medinensis, were limited by Linnfeus 
in his Systema Natur® (1758-1767), n hile Gmclin recorded Melastrongtjlus dongalus 
in 1789 and Rudolphi described Hxmonchua contortus in 1803 In 1843 Diibmi first 
described the hookworm, discovered by him in 1838 at the autopsy of a Milanese 
woman. In 1840 Leidy discovered Trichindla spiralis in pork, the first record of its 
presence in a host other than the human subject Bancroft (1876-1877) first 
recovered the adult filaria worm, Wucherena baneroju, from a lymph absces.s of an 
arm and from hydrocele fluid of patients in Brisbane, Australia, although the micro- 
filarial embrj’o of this species had been knonm for several j’cars. 

Sir Patrick Manson made the first epochal life-history contribution to the 
nematode group, by demonstrating (1878-1879) that the mosquito sen-cd as the 
larval host of Bancroft’s filana, and that the periodicity of the microfilari® of tins 
species in the peripheral blood of man appeared to be related to the life cycle 
Fedtschenko (18G9) showed that Cyclops w-as probably the intermediate host of 
Dracunculus medinensis, a view later verified by Manson (1894) and by Leiper 
(1907) Leuckart (1882) proved that the parasitic and free-living generations of 
the human Slrongyloides, namely S. intestinalis and S s/ercora/i«, were part of the 
same life cycle In 1881 Perroncilo published his findings on the development of 
the free-living larvse (rhabditoid and filariform stages) of the hookworm, while 
Leichtenstern (1886-1^7) claimed that the mature larva was capable of developing 
into the adult w orm in the human intestinal tract Complete demonstration of the 
life cycle of the hookworm was first accomplished by Loo«s (1890-1911), who showed 
that the matur ’ • * • . . .• r .• i 

portal of entry 
circulation to t 


Western Hemisphere w as different from that of the Old World species, and in 1903 
gave it the name Necator amcncanus Recent work by Fullchorn and liy Yokogawa 
(1925) and many otlier investigators has further elucidated the life cycle, while 
Cort and Ins co-workors lia\c carrictl out most imixirtant work on the hiologj' and 
cpidemiologj' of the hookworm Davainc (1803) fiivt obscr\cd that Asenns lan-rr 
•hatched from eggs fed to e\j>onmcntnl rats Lutz (1888) and njistcm (1892) 
demonstrated that the swallowing of the mature embrj’onatcd egg of ,l«cnrw 
resulted 111 the development of mature worms In 1910 Stewart showed experi- 
mentally that the rhahditoid Ascans larxn, which hatches from the embrj'onatcd 
egg introiluceil into the digestive tract, migrates through tlic tissues Ransom and 
his colleagues (1920-1921) and Yokogawa (1923) not only xerifieil this work of 
Stewart but also conclusively demonstrates! tliat only one host is required for 
Ascans Moreover, Ransom and Cram provtsl that the-e larva- ntiliznl the |)ortal 
veins or the lymphatics cn route fnim the intestines to the lungs P inally, Cort and 
Otto, ns well as other workers, have provided fuiidnmenta! information cm the 
epidcnuologv- of human ascanasis, esjx-cially among j-oiing chihlren in the Nuithern 
Vnitcsl States 

MODERN TRENDS IN HELMINTHOLOGY 

During the hst dec.adc's epuleniJohaswal i‘tudn*s on lics.kworm di-ea-e. h-.ktiig 
towards ifs eradication, have l>er» undertaken on an extensive* scale hy various 
ngenru-s, partirularlv the Divi-ion of Iiiteniatioiial He.allh of tlie Rockcrclter 
rmindation c<H>is‘m(iiig with various gmernments These investigations love 
included .tiidic-* thnmghocit the Tnipics and Suhtn.pics on the incidenre of the 
mfeetion in ukIivkIu.xIs and m |iopulatioiis. rermed inrthisU of technic for deter- 
inining the degre-e of infections m iiidiv idinN (womi-emint. brine floatation and egg- 
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count) and the amount of infestation in the soil (Baermann technic); improved 
therapeusis (c. gf., administration of carbon tetrachloride, of carbon-tetrachloride- 
chenopodium mixtures, and later of hexjdresorcinol and related drugs on a large 
scale), as well as the application of treatment to large groups (mass therapy); and 
finally on the biology of hookworm disease in the field (Cort and his colleagues). 

The first steps in the scientific study of the helminth groups consisted in the 
description and classification of species. Later the subject of comparative mor- 
phologj* and relationships occupied the attention of investigators. With these more 
elementary but essential facts as a foundation, life-historj' data n ere then accumu- 
lated. While much remains to be done in each of these lines of investigation, the 
more pressing problems for the future involve the practical application of the 
information recently acquired, namely the relative pathogenicity of various species 
of human helminths, the numlicr of individuals required for a clinical infection, 
improved methods of detecting the presence of helminths, particularly during the 
period of incubation, improved therapeusis, and, what is more important, the 
application of biological and epidemiological data to the control and eradication of 
these infections. 

Most recent of all have come the intensive studies on host-parasite interrcactions, 
with e.spccial attention to host-resistance and immunological relations. Although 
some studies have been conducted along these lines on the flatworms (trematodes 
and tapc^^orms), for the most jiart the roundworms liavo constituted the special 
subject of investigation. Among the noteworthy contributions have been those on 
the hookworms, Strongyloxdes, Ascun^and TrichintUa. 
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THE NOSOGEOGRAPHY OF HELMINTHIC INFECTIONS. 
WITH SPECIAL REFERENCE TO INFECTIONS OF MAN 

GENERAL CONSIDERATIONS 

In addition to the immediate environmental factors to wliich the hel- 
minth has become adapted as a parasite and on which, to a very great 
extent, it is constantly dependent, it is fundamentally important to have 
reliable information concerning the distribution of the organism over the 
surface of the globe, or its nosogcographic range. Until recent years it was 
commonly believed that human helminthic infections were limited almost 


perhaps the most favorable regions for the propagation of parasitic infec- 
tions, many of the most important helminth parasites have a vide distribu- 
tion in temperate regions and that some even extend into the frigid zones. 
Some important helminths of man, as DiphyUobothriwn latum and Trichi’ 
nclln Apiralh, rarely occur indigenously In hot climates. 

The most serious helminthic infection which is limited almost exclusively 
to the Tropics and the adjacent subtropical belts is hookworm disease, 
which, broadly speaking, completely encircles the inhabited regions of the 
globe between 20® N. and 20® S latitude. Yet c\ cn in this ease there are 
numerous endemic foci, principally in mines, as far north ns 50® N. latitude 
I'urthermoro, it has been found that Necalor americanus is more strictly a 
tropical or subtropical parasite than Anq/lostoma diiodcuate, which has its 
optimum habitat in a somewhat cooler zone, while AucylMtnmn cantnum, 
the dog hookworm, flourishes in an even colder climate. 

Unlike many of the vertebrates, arthropods and molluscs, the distribu- 
tion of parasitic helinintbs is rarely coincident with faunistic areas Afcarh, 
Trichuccphahis and the majority of the human tapeworms arc practicalh 
cosmopolitan in their distribution. Schistosomiasis liaMiintohia and Dracui}- 
culiis infection are both x\frican and Oriental; schistosomiasis maiisoni is 
.•\frican and Neotropical; schUtosoiniasis jnponica is confined to the Sino- 
•InpaticM* area of the Oriental region, as is aNo Chnnrchui infection 

DISTRIBUTION OF HELMINTHS DEPENDENT ON THE 
DISTRIBUTION OF THEDl HOSTS 

careful study of the problem shows that, in addition clim.itie eon- 
saleratioii''. helminths are widesprc.ad or limited in their distribution, 
depending to a ver\ great extent on the ilistrihtition of their ho«.ts. 'Ilitis, 
infections rcfpiiritig no liost other than man ami those requiring intcr- 
incxliatc or reservoir hosts usually nsson.itc<l with man, such as the ox. the 
pig. the dog. or tlie rat. are ne.irly ns widespitxid ns is the lumian i>opulatioii 
itM-lf, while tlio's* rtspiiriiig a sjKH’i:il txjH* of iiiternnsliale lio'l. siuh jis a 

(.V,) 
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mollusc with limited distribution, arc limited to the distribution of this 
particular host. Some molluscs are fairly cosmopolitan in their distribu- 
tion, others are ver^'restrictefl in their range. Thus, the widespread distribu- 
tion of species of Lymnxa throughout the moist temperate zones is no 
doubt responsible for the common occurrence of Fasciola infection in 
practically all areas into \\hich the disease has been introduced in infected 
sheep. On the other hand, Sckisfosoina japonicwn is adapted to a peculiar 
group of molluscs of limited distribution in the Sino-Japanese areas, so that 
its establishment in the other regions is verj* improbable. 

CLOSE DEPENDENCE ON PHYSICAL SURROUNDINGS 

In many cases the slightest deviation in tlic physical surroundings of a 
given geographical area or in the customs of the population may be respon- 
sible for an epidemic helminthiasis. In the time of Moses, the water 
supply of the Hebrews became poor in the desert of Ilor, where thej' were 
encamped; they drank water from drying pools and ditches and became 
infected with a plague of Dracunciihis medinensis, the Medina worm, the 
larvm of which some transient Arab had previously left in the pool when 
he stopped by the wayside to I>athc his ulcerated arm or leg. In this same 
way the epi(lemic of hookworm broke out among the construction gangs 
who were digging the St. Gothard tunnel, where the moist warm earth was 
favorable for development of the larvfc. In this same way pork tapeworm 
became a pest in parts of Germany fifty years ago, because the inhabitants 
were fond of eating raw pork flesh. Likewise, the broad fish tapeworm 
was introduced into the lake districts of Northern Minnesota, ^Iichigan 
and lower Canada by the Sesmdinavian and Polish immigrants, who had 
perpetuated in their new homes the insanitary cycle to which they had 
been accustomed in Europe. Moreover, a single change of the topography 
of Lower Egypt, namely, the introduction of irrigation projects in the Nile 
delta, was responsible for the spread of schistosomiasis (bilharziasis) in that 
territory within recent decades. 

Moisture is a sine qua non for the majority of helminthic infections. 
Fasciola heimtica not only requires snails and sheep but also moist pasture 
land ClonoTchis requires snails and fish, which are in turn dependent on 
moisture. Paragotwnus requires snails and crabs, which are both aquatic 
hosts. The schistosomes are dependent on an aquatic medium for their 
transfer to man as well as for the infection of their molluscan hosts. The 
hookworm and Sirongyloules utilize no intermediate host but demand 
moisture and shaded warmth during their free-living phases. Only those 
forms in which there is essentially an anus-to-mouth transfer of the infective 
stage of the parasite, as in Enterobius termictilaris and Ilymenolepis nana, 
or in which the transfer from the intermediate to the definite host is direct 
(i. e., the intermediate host is the food of the final host) and in which the 
definite host or its excreta immediately reach the larval host, are independ- 
ent of a continuously moist environment. 

Moisture results primarily from rainfall, which in turn is dependent upon 
the winds, and upon the topography of the country, particularly the moun- 
tain systems near the sea. It is also dependent on the absolute temperature 
due to latitudinal position on the earth. Thus, on the island of Vitilevu 
of the Fijian group, a mountain chain prevents the rains, which the trade 
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winds from the southeast precipitate on that side of the island, from reach- 
ing the northwest side. Ancylostomiasis on the «et side rises to 90 per 
cent of the native and Indian population, while a similar population on the 
drier side has only a .‘^8 per cent infection. Strongyloidiasis is even more 
limited than ancylostomiasis to warm moist regions of the glohe, because 
the free-living larva? of the parasites are verj* sensitive to drought. Tricho- 
cephaliasis is also much more common in moist than in dry areas. Schisto- 
somiasis japonica e.xists only in those areas where the banks adjacent to the 
drainage canals are moist. 

High inland plateaus or inland areas, shut off from adjacent moist regions 
by mountain chains, are invariably dry and the helminthic fauna of such 
regions is proportionally reduced, consisting among the indigenous non- 
migratory animals of nematode species in which the eggs are resistant to 
considerable desiccation and of ccstode forms in which the larva? have a 
direct transfer from definitive to larval host and back again to definitive 
host. 

The monsoons of the Indian Ocean and the adjacent bodie.s of water, 
coming from the southwest and procec<ling up the Arabian Sea. the Hay of 
Ilengal and the Cliina Sea, have a marker! effect on the Asiatic Continent 
as far inland as the Himalayas. As one proceeds from the coast first in 
contact with the monsoons, where precipitation is heaviest, travelling north- 
ward an<l inland, lie reaches territory where the rainfall is both le.ss e.\ten- 
sive in duration and less intensive in daily auiotints. The helminthic fauna 
of these regioJ)s is usually rlircctly proportional to the amount of precipita- 
tion. Thus, it has been found that in China hookworm infection is not 
clinit-all.s irnjxirtant north of the Tsing Ling Knnge (between the Huai nn<l 
Yellow Rivers), where the annual precipitation is less than 7.) cm. 

In countries where there is intensive <Ir\ he.it in summer (up to 12o® to 
].)()'’ F., or 57 to 71* In the sun) and bitter cold in winter (“-fO* to — OO* 
F , or — 4J} to — fi.j* C.), such ns one finds in Siberia, the conditions arc 
most unfavorable for the growth «>f most species of helminths. Where the 
.summer ellinate Is hot and buinid. with aderpiafc or luxuriant vegetation, 
.such ns one finds in the I'nipics and Subtropics, and where the winter 
climate is also warm and moist, such ns is found in the Mal.is Areliipelago, 
the islamls of the rarihbeaii region. an«I other itnmtries where at se.i level 
the aver.ige\ early temperature is Iietw«*u7ri*and S.’»° F..or 2li®nn<I .'12° C., 
oi)timum e«)iuIitions exist for the liehninth's development. 

HYGIENE AND SANITATION IN RELATION TO HELMINTHIC 
INTECTIONS 

With these hrna<ler. more general <x»iiditious of the envinniment in mind, 
attention ma> now luMlireeted to other external agencies wlneh control the 
development and distrihution of lielminthie infections Among the manv 
factors other than mettsirologiixil that gi*vern the dissenilnatii>n of hel- 
minthic infections aixl their ineiileiKx* in man the following mav he 
mentioned: 

1 Fihm! 

2. Drinking water. 

:i. lliimnn excreta 

4. Migration and travel. 
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This list is not exhaustive. The factors named are not necessarily ar- 
ranged in the order of their importance, nor are they separate and distinct 
from one another. Certain of these factors are of historical importance 
only. Others are known or determinable entities which may be of primary 
importance in the control of the infections as they now exist. 

1. Food. — The food of a people is always an important point of attack- 
in attempting to discover the etiology of an infection and in establishing 
preventive measures for its eradication. Kor example, the Chinese and 
Hindus thoroughly cook the greater part of their food. A considerable 
part of this is eaten while hot. Yet some of it is allowed to stand uncovered 
in stalls and restaurants for a considerable time before it is consumed, 
during which interval it is exposal to dust and dirt, flies and domestic 
animals. Still other foods are oaten raw, particularly vegetables, molluscs, 
crustaceans and fish. Generally speaking, foods grown in the ground, 
where human night-soil is iisal as fertilizer, are all more or less contami- 
nated. Furthermore, in order to keep these vegetables in a fresh condition 
in the markets, the baziiar veiidcrs sprinkle them with brooms which have 
‘ ‘ *•*. This is particularly true of such 

water chestnut, lotus roots, sugar 
cane and bamboo snoois, au of wnicii iiie Oriental enjoys eating uncooked. 
Oranges which have begun to wither arc given a liypodcrmic injection of 
water to improve their sale. Melons and cucumbers arc only less likely to 
be the source of lielmintliic infection in Oriental and tropical countries 
than of protozoan and bacterial contamination. For those individuals in 
Oriental or tropical countries who cat fresh celery and lettuce a source of 
contamination is ever present. In Chinn and India the water chestnut 
and the red water-ling, the so-called "buffalo nut," arc means by which 
I''osc‘io/opsis infection is convoyed. Tlie encysted larval fluke adheres to 
the skin of the conn and the outer shell of the nut, so that in peeling off the 
skin or shell with the teeth and lips some of the cysts get into the mouth and 
thence reach the intestine, where the cyst wall is digested away and the 
larval worms grow to adult form. In other regions of China, ns in Formosa, 
perhaps the infection is also conveyed by eating herbs or grass. It is 
common knowledge among the farmers of Central China, w’here the infec- 
tion occurs in hogs as well as in man, that animals kept in the courtyards 
do not get the infection, while those that pasture on the hillside or in the 
fields sooner or later contract the infection. Similarly, cattle which are 
fed on dry hay are less likely to acquire Fasciola infection than those 
allowed to graze in infected marshy meadows. In Mediterranean and 
Latin American countries human c.xposure to sheep liver-fluke most 
frequently results from eating water cress as raw salad. 

The Chinese people as a rule differ from their immediate neighbors 
around the China Sea in not eating fish or arthropods in the uncooked state. 
They should, therefore, be free from the common fluke diseases of the 
Japanese, Koreans, Formosans and Tonkinese, acquired through the con- 
sumption of such food, namely clonorchiasis, metagonimiasis and para- 
gonimiasis Nevertheless, in *South China and to a certain degree in 
Central China these foods are eaten raw either by preference of through 
ignorance of their harmful effects, and fluke infection results. 
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2. Water.— Water in all tropical and Oriental countries is always subject 
to suspicion, not only for drinking but also for bathing purposes. Vasilkova 
(1944) has reported that the efiluent from the sewerage of Moscow empty- 
ing into the river of the same name contained eggs of -l5Cfln>, Tricho- 
cppkaliis, Tcenia, DiphjUohoihriim, Enterobius and Dicrocceliinn, amount- 
ing to 4,500 per cubic meter. Even where there is no danger from typhoid, 
cholera and bacillary or amebic dysenterj , the cercaria? of the human blood 
flukes are found in quiet pools, canals or irrigation projects over so large a 
portion of Africa, Latin Americji, the Xear East and Middle East, and 
the Far East as to make bathing, wading or washing clothes in such waters 
extremely dangerous. The incidence of “bilharziasis” among the Austral- 
ian troops in Eg\pt during World War I, of American and Australian 
troops on Leyte in the Philippines from October, 1944 tlirough the spring of 
1945 and the common occurrence of Oriental schistosomiasis among 
fanners, boatmen and foreign sportsmen in the Yangtze valley are out- 
standing instances of such danger. Furthermore, mw drinking water in 
endemic areas is the source of dracontiasU and possibly of sparganosis. 

.1. Human Excreta.— Without doubt the most potential source of Imnian 
infection with the common helminths is tliat of human excreta, resulting 
from propensity of human beings to pollute tlicir surroundings. Xo 
ilogrnatic statement concerning the .actual percentage of cases of infection 
wliich this provides can be made, since in the first place conditions of 
disposal of night-soil ^ary tremendously in various parts of the world; and 
In the second place almost nothing is known about the viabilltj of eggs, 
cysts and larva? in night-soil during the time it Is kept and prepared for 
manurial purposes, although the work of Winfield (1937) in Shantung 
Pro\ ince, China, on the epidemiological relationship of human excreta and 
ascariasls eonstitutcs a notable exception Contrary to common belief, the 
use of human excreta for fertilizer is not confined to Oriental countries but 
is praeticod extensively in the McdUerrane.an area, aiul is not unknown in 
the Western Hemisphere, inchuling truck ganlens in the Unitetl States. 

4. Migration and Travel. — Hookworm {S’ceatur amcricumis) and Sekish- 
fotiia vianiKini are bclievet! to have been introduceil into the Western 
Hemisphere through the importation of negro sla\cs from the Gold Coast 
ntid Mozsiinbiciiie. The former rcquiml no adaptation ; the latter found an 
appropriiite intenuetUate host in the mollusc, Aualrahrbu Qlabmtus. The 
Medina worm ( Dracwiculu.t medinenifh) and the loa worm (Lon Ion) were 
alNoprobabl\ dlsseininatctl by transportation of slaves (Scott, 1943). Men- 
tion has already been made {ride supra, this chapter) of the intriKluction 
and cstabli'iliinent of Diphi/llobothriuvi latum infection by immigrants from 
Nortlicrn and Eastern Kurojic into Xortli America. Ikirling has shown 
how the ruiijaliis am! (’liinese immigrants to Malaga and Micronesia lia\e 
altcreil the iKmkworin iinlex of these countries by the introduction of 
Aun/lo-doma, while European immigrants to Brazil have superiiniKi'isl 
Aiin/lostimn inft'ction upon that of .Y«vi/or. Cliine.se returning from the 
Malaj Stati*s and the South .‘'eas have introducix! Xrrnlnr into r^iith anti 
Central ('liina, while tra\el betwcxMi these regions and Xortli China is 
carrN ing it teini>oraril\ be\ ntul its optimum temiicratiire range Wherev er 
the Mohaininalan religion has spread, Tania soltum has ccasct! to laTome 
an important disease but Tama saginata has iMSsime In peretideniic. 
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Xevertheless, migration and travel cannot be held entirely responsible 
for the apparently greater distribution of helminthic infections today than 
the known distribution a quarter of a century ago. INIuch is due to our 
more adequate knowledge of the subject, particularly to surveys and 
investigations within recent years. Tlius van Beneden, writing in 1889, 
stated that the broad tapeworm occurred only in Russia, Poland and 
Switzerland; that llymeuolepis nana has been observed nowhere except in 
Abyssinia; that Ancylosfoina was known only in the south of Plurope and 
the north of Africa; that the dracunculus was believed to occur only in the 
east and west of Africa, and that “the Bilharzia, that terrible worm, had 
only been found in Egypt.’’ A comparison of such data with those available 
at the present time for these and other helminths indicates how rapidly 
knowledge of the subject has developed- Even recently the more refined 
methods for the diagnosis of Trichinella infection in man have demonstrated 
that a considerable proportion of individuals coming to autopsy in the 
United States without apparent history or symptoms of trichinosis actually 
harbors light Trichinella infection. 

5. Other Factors. -iMan-made breeding places for Arthropod trans- 
mitters of helminthic infections have also contributed to the establishment 
and perpetuation of these diseases. Domestic mosquitoes and Bancroft’s 
filariasis. as well as filth flics and ascariasis, constitute notable examples. 
Likewise, rats and other reservoirs have been “invited” to breed around 
human habitations. Moreover, contact with infected natives has at times 
provided appropriate opportunity for the exposure of new population 
groups. 

Thus we find, that environmental factors, whether they are the more 
general conditions of climate and topograpliy or the more specialized ones 
of the parasite and its host to the immediate setting, all play important 
parts in the propagation and dispersal of helminthic infections. 
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THE INTERRELATION OF THE HELMINTH PARASITE 
AND ITS HOST 

PARASITE AND HOST ADAPTATIONS 

The Iiost as the organism which houses and provides food for the hel- 
minth is a sine (fua non for the latter’s existence. No matter how much of 
its life cycle is of a free-living character, the remaining part Mhich necessi- 
tates a host is of vital importance to the parasite and possibly to the host. 
To the parasite, parasitism means first of all the immediate presence of the 
particular lu)st to which the parasite has become adapted. This intimate 
interrelationship is referred to as host specificity. Furthermore, it iiu f)lvcs 
the ability of the helminth to secure entr\ into the host through the proper 
cliannel, and, finally, after reaching the appropriate residence in the host, to 
secure nourishment without endangering the life of the host and hence its 
own security. On the other hand, certain parasites, n Inch are incompletely 
adapted to residence in certain hosts, are able to take up e.xistenec in the^e 
hosts when malnutrition lowers their thrc.sho!d of resistance. To the host, 
parasitism means the jjhysical burden of the helmintli’s presence in the 
body, the frequent Injury of its tissues, <lue to migration of the parasite or 
abrasive action of its hooks, spines, or other organs of attachment and 
penetration, and, ^hat N even more serious, the toxic ciTcct of the products 
secreted or excreted b\ the par.rsite ami absorbed into the ti-iues of the 
host 

The adaptation of the helminth to certain particular .species of hosts is a 
condition that has gradually developed over a long period of > ears. It has 
undoubttsllj come about from the continual coexistence of the helminth 
and a particular species of host in the s.imo habitat, n.ssuring the helminth 
the constant availability of .such a specK*s under ordinary conditions. Tlic 
presenee of the host in a particular liahitat depends on many external 
hietors, among ^hieli may be mcntUHuxI the general climatic conditions, 
incliKling temperature and moisture, e<lapliic (» r., local) factors, ami the 
general distribution of that particular species of host over tlic surface of the 
globe and its ability to withstand climatic and cflaphlc changes. The 
presence of the parasite in the same habitat is largely fortuitous, depending 
in mau\ cases on the nio\ ciiients ami si>eeializcd habits of the prc\ ions host 
which carrinl the parasite about and dc{K»sitcsl it for a longer or shorter 
jK-rifKl of frcH* existeiux* before it was obligisl to seek entr\ into anotlier host. 

In the case of main helininth p.imsites, entramr into the appropriate 
host is al^o largeb fortuitous. Such mstaiiees usuallv tleiH-iid on the Iio't 
ingesting the appropriate stage of the liefmintli along with fcKxl or drink, or 
the neti\e entry of the parasite into tlie skin. Tlie oral mute of iiifeefion 
ol)tnins in the nisc of UnleTiJnm, Asrarh. Trirhorejihnlu^ and (vrtain other 
nematcxleN recpiiring <*nly one lue-t. in wliieli the fnllv efn!)r%onattsl eggs of 
llie worm gain am*ss to tlie host as a contamination, .'siuh is aWi tlie 
onlinarv metluxl l)\ which iniin.x fapewnniisgain entrs into their re^jKstive 

(^ 1 ) 
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hosts. While two or more alternate hosts are required, the eggs of the 
parasite are usually swallowed by tlie intermediate host; this host, together 
with the larva} of the parasite, which have developed from the ingested 
eggs, later becomes the food of the final host or second intermediate host, 
us the case may be. Such is the method by which the human flukes, 
Clonorchis, and Fasciolopsis, gain entrance to their human hosts, namely, 
after encystment of the larvrc in or on food consumed bj* man. 

Other species of helminths, Including certain nematodes and all of the 
blood flukes parasitic in man, gain access to at least one of their hosts in an 
active way. In the case of the hookworm and of the blood fluke, human 
infection results from the activity of the mature free-living larval form, 
once it has come in contact with the human skin, in penetrating through 
the layers of the skin into the softer tissues of the body, whence it continues 
its migration to the seat of its adult residence in the body. This tj'pe of 
invasion is probably conditioned by a tactic reaction, being an attempt to 
avoid desiccation. Furthermore, the miracidium, which hatches from the 
trematode egg, and the ccrcaria or tailed larva whieli emerges from the 
molluscan host after the intermeiliatc phases of tl»e life cycle of the trema- 
tode have been completed, are both frcc-swiinming organisms and were 
originally, at least, active invaders of the hosts which they next utilized. 
This t.\ pe of penetration requires a selection of tlic proper host. At first the 
parasite probably attempted to attack at random all objects in its imme- 
diate vicinity, but later became adapted to a particular species of organism, 
w hich it was able to select by becoming adjusted to a particular chcmotnctic 
stimulus. At least tlirce tj'pcs of flukes, parasitic in man, C/oaore/iw, 
llctcrophycs and DicroewUmn, the miracidia of which are provided witli a 
ciliated epithelium and organs for penetrating Imst tissue, linve lost their 
use of this free-living pliase of the life cycle, since their eggs never hatch 
naturally until they are ingested by particular species of molluscs. In both 
the miracidial and the cercarial stages of digenctic trematodes there are 
digestive glands, with openings around the oral end of tlie larva, which 
secrete a histolytic substance helpful in dissolving the tissues of the host 
through which a path of migration is opened. 

Joyeux (1944) has summarized the host species adaptations of the more 
important helminths of man as follows: Fasciola hcpatica, wide adaptation, 
although found primarily in ruminants; Clonorchis and Opisthorchis, 
parasites of carnivores in contact with man; Fasciolopsis buski, possibly 
two races, one human and one porcine; lleterophyidae, with wide adapta- 
tions; Paragonimas u'eslemmni, with moderately wide adaptation to 
carnivores eating raw crabs and crayfish; Schistosoma japonictnn, with wide 
adaptations; S. viansoni, rarely a natural parasite of hosts other than man; 

S. hnematobiuvi, a natural parasite of man only; Txnia solium and T. 
saginata, became adapted to man when he developed carnivorous habits, 
probably during Glacial Age when vegetation became scarce; Bertiella 
studeri, primarily simian; Hymenolepis nana, a human variant of the 
murine species 11. fraterna; Ascaris lumbricoides, developed from the hog 
Ascaris; Trichocephalus irickiurtis, a parasite of man, monkeys and the 
hog; Necator americanus, origmallj* African, presently parasitic in man, 
various monkeys, rhinoceros and the Brazilian rodent, Coendu villosus (de 
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Almeida, 1934), not identical with Nccaior suillus of hou; Ancylosiowa 
duodenale, adapted to man, monkeys, wild carnivores, occasionally hogs; 
.4. hraziliense, parasite of carnivores, only partly adapted toman; Strongy- 
/ofrfMs^frcoro/w, man, dog, cat, chimpanzee; Trichinellq spiralh.wkh wide 
adaptation; k’ltchcreria bancrqfti, man only; Loa loa, nith extensive simian 
adaptation; Onchocerca spp., with three tj'pes of hosts, horse, ruminants, 
man, phylogenetic lineage uncertain; Dracuncidvs incdinensis, with wide 
host adaptations. 

Once the helminth has reached its residence in the definitive host, its 
primary concern is to secure nourishment. For this purpose it has usually 
chosen a position where digested or semi-digested food is abundantly 
supplied. Some worms are capable of secreting digestive ferments, which 
aid in the digestion of the host’s tissues before these arc taken into the bcdy 
of the parasite. Adult worms living free in the digestive tract of the host 
may wander back and forth as they require. Others which are attached 
more or less securely to the intestinal wall may release their hold and secure 
a more favorable one farther along. Thus, in heavy hookworm infections, 


obtained a new one in the intestinal mucosa, the latter being always 
progressively farther down the gut. Clonorchis does not normally leave 
the bile tracts once it has migrati^ into them, but it may wander about in 
the bile capillaries. If this worm is expelled into the intestine it is usually 
digested at once. 

Most of the parasitic liclminths arc capable of resisting the digestive 
action of the liost’s juices and tissues b\ the secretion of anti-enzymes. 
The blood flukes arc confined to the mesenteric portal system, c.xccpt that 
they may occasionally escape into the ^ cna cava rm the mctlian ainl inferior 
hemorrhoidal vessels. Tlicir eggs escape into the lumen of the intestine 
{Schitttivwm mnnsoni, S. ja]>onicum) or into the bladder (S. hamitahium) 
liy rupture of the venules into which they have been forccfl. Uanernft’s 
filari.i (n’l/cAprerm hancrojti) is blockeil in lymph channels, hut the luiero- 
filarin* gain acci*ss to the circulating blood. The Medina worm ( Draninni-^ 
lus mrdinnisiA) lives in the visceral and subcutaneous tissues of man, but 
the female worm, stimulated when she is gravid with embryos, emerges to 
the Mirfacr and deposits her larva? in the water when the host washes the 
infecto! member of liis lioily in a pool or ditch, thus jiroviding an <»ppor- 
tiinity for the larva? to reach the alternate crustacean host w hleh lb es in the 
water. 

The mctaholie processes of parasitic wonns have not been iid^jiiately 
stiuiieil and are. for the most part, jKiorly under>to(Kl. This has larn due 
primarily to dinicultics cxperienccti in studying the strictly parasitic stage-- 
under experimentally controllo<l conditions. There Is cumulati^ c e\ idencc. 
howe\or. that species living in the intestinal tract of man and higher 
vertelimtes tolerate a relalixely wide range in tlie pll of the inwlinm; that 
they live optimally iiiuler an.ien»bic or scmianacr«l)ie ctinflitions, and that 
they rixpiire a considerable amount of soluble carl>obydratrs, preferably 
monosacc-harides. nhicli they absorb nnd stoir in the form of gly<x)geii 
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Some parasitic helminths ingest red blood cells, utilizing the globin ami 
depositing the undigested iron in the form of hematin. Information is 
accumulating that certain vitamins are required for satisfactory growth. 
The subject will be.considered in greater detail under each group for which 
there is sufRcient information. 

An adaptation which is optimum for the parasite requires that the host 
be not overburdened by the presence of the parasite nor that its life be 
endangered. Where the parasite has reacherl an equilibrium with its host, 
tliere arc few, if any, symptoms of disease. On the other hand, parasites 
which may be temporary residents in a host but cannot readily become 
adjusted to permanent residence, as, for example, the human Sirongi/hides 
in the dog, and other forms which have an even less specific host-parasite 
adjustment, such as the dog hookworm, Ancylttsioma caninum, in man, and 
the human hookworm, Necator ameriennus, in the dog, are also of little 
clinical interest. In a somewhat different category is the case of the human 
and pig ./laenrfa, and possibly the dwarf tapeworm of man and the rat, 
which, in each case, are morpliologically indistinguishable but which have 
specific physiological adaptations for their respective hosts. Likewise, the 
diet of the host is closely related to the case with which the helminth is 
capable of adapting itself to a relatively specific host. In a well-nourished 
liost the resistance is high and the parasites maintain their position with 
difficulty. In poorly-nourished hosts the reverse is true. Between the 
perfectly adapted parasites on the one hand and the entirely non-adapted 
ones on the otlier there is a wide range of ill-atlapted species, whose relation- 
ship to the host produces a reaction of the tissues whicli the pathologist 
and the clinician look upon as disease. 

^ ‘ ' ' »..• a consider- 

• produce a 
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saginata may at times cause severe anemia. Again, a single worm may 
obstruct a channel through which body fluids pass and bring about morbid 
reaction of the host. Such, for example, is the case when a filaria worm 
obstructs a lymph channel or an .brnnj blocks the common bile duct. 
Some worms in small numbers {Clonorchis, Trichocephahts, Necator) pro- 
duce very mild reactions on the part of their host, while in large numbers 
they are of clinical significance. Some worms, like the hydatid cyst, may 
grow to such size that they press upon contiguous organs and bring about 
(lysfunction. In other species of helminths {Schistosoma) the eggs of the 
worm infiltrated into the surrounding tissues produce a diseased condition 
much more profound than do the a<lult worms. In blood fluke infections 

not infrequen ' ’ • •• - ’ • . •4. 
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of the host than the helminthic infection se. Such abnormal tissue 
proliferation, stimulated by helminths, is well illustrated in infections of 
the rat, as cysticercosis fnsciolaris and gongylonemiasis. This entire 
subject has been carefully studied and admirably presented by IIoeppH 
( 1933 ). 

Some helminthic infections are significant in childhood and apparent!}’ 
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cleorease in their pathogenicity as the host matures In one infection at 
Imist (Ilyinenolepif nana) the worm lives almost exclusively in children, and 
is much less common in adults. In infections with Ascarit, hooku orms and 
Ilymenolepis nann age resistance plays a very important role. 

While all members of the human species appear to he equally susceptible 
to infection with helminth parasites, races of man, or even special com- 
munities, which have been long subjecte<I to these infections, appear to be 
more adapted to the parasites involved than those in which the infection 
is relatively new. Thus the Negro is less seriously affected by hookworm 
infection than the Anglo-Saxon, the Chinese child appears to be less dis- 
turbed by the presence of Ascarh in the Iwwcl than (loes the Anglo-Saxon, 
and a single infection with a blood fluke assumes a mild chronic form in the 
native population of endemic areas more commonly than in the foreigner. 
It is not unlikely that relative j»gc and nicial resistance, or even immunity, 
may he due to light infections acquired early in life, and that specific 
antibodies developed by the host’s tissues are primarily responsible for 
such resistance. (Vtrle Bachman, 19.38.) 

Knough has been said in the foregoing paragraphs to c.vplain how the 
parasite has become associated with certain hosts and how the general 
process of adaptation is going on, how, in some cases a nearly perfect 
adaptation has been effected; how, in others, there Is still no true adaptation 
at all; while in a very large scries of cases poor adaptations exist, resulting 
in disease. In a broad biological sense, gisen contact of a host species 
with n patliogenic helminth for thousands of years, changes resulting in tlie 
eqiiilihrium of the host and the parasite, with a corresponding reduction in 
pathogenicity, might he expected, ami this undouhtedly has been the case 

TYPES OF HOSTS IN RELATION TO VARIOUS STAGES IN THE 
LIFE CYCLE OF HELMINTHS 

Considering the host-parasite relationship from a ilifferent viewpoint, 
(•ertain terms which ilefinc this relationship occupied h\ the host in the 
life cycle of the organism have tsuiic to lK*iim*ptc<I through common usage. 
Tills pliase of the problem has IkUIi n hiologic.il and an epidemiologimi 
bearing. 'I’he host in which the adult herinnphrmJitie nr duTious helminth 
devehips is referrisl to ns thotir/inifirr fiwt. ’Hius, the large intestinal fluke 
(/rt.»rio/opTiT the blotxl fluke (SrkiMowma jn/xtuiruvOt the luliilt 

beef taiiewonn and the adult h«H»k%\orni «re,all harl)t>re<I by their definitive 
host 

If another organism serves as n resers<Mr of such an iiifeetion and pr«*- 
serves the isuitimiilv of the life mele of the parasite when man <‘sr:ipes 
infeet ion, tins host organism is known nsn rr.frrrt>ir liatf. In emlemic areas 
the i>igfre(pietitl\ serves as a rvMTVoir host f«»r and the dug for 

Sriti.ifaviuia jftiKiiiiruiii, alid to n Iess<T (legist* for xlrrmnihf. 

while no reservoir host is known for the lat-f tapeworm. On the other 
hand. Imtli lliedoganri tlieerit aren*servoirli«stsnf //rn:i/irn«r. 

an (Kfjisiorial InMikworm parasite of tiinii In Trlixloutih^ 

phoru^. (InnthiuiUitiiii, and Fa^ivln iiihftloiis. doiiiestie or 

w ild mammals are the (simmon reservoirs of iiifit-l ion anci man isn relativ e 1\ 
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incidental host. Human infection with Gnathosioma usually differs from 
that of the common reservoir hosts, the dog, cat (G. spinigerum) and pig 
(G. hispidinn), since in man the parasite is almost without exception found 
as an immature worm in the subcutaneous tissues, while in the more 
perfectly adapted hosts the worm matures in gastric tumors. At times 
mature larva, as, for example, those of the spiruroid nematodes, are 
ingested by an inappropriate host. Under such circumstances the larva.* 
may burrow through the tissues and become encapsulated there or in body 
cavities. 

For some helminth parasites the definitive host is the only one utilized. 
In the case of Ascaris and the hookworm a larval migration period through 
the body tissues is normally required before the parasite settles down and 
grows to adulthood. In such instances, however, man cannot be referred 
to as a true larval host. Such a host, spoken of as an intermediate host, 
is one alternating with the definitive host in the life cycle of the parasite. 
Thus, the ox is the intermediate host of the beef tapeworm, the mosquito 
is the intermediate host of Bancroft’s filaria, and the mollusc, that of the 
blood fluke. In echinococcus infection the dog is the definitive host in 
which the adult worm lives, and man, the ox, the sheep and the pig are the 
usual intermediate hosts in which the larval stage (hydatid cyst) develops. 
In the case of Tnchinella spiralis, the rat, the hog and man may serve both 
as definitive and intermediate hosts. The adult worms develop in the 
intestine (definitive stage) and the females discharge their larvre into the 
blood or lymph spaces, from which they migrate to the muscle layers and 
encyst (larval or intermediate stage). The infected flesh, when eaten by 
the next host exposed, produces the definitive stage again, and thus the 
cycle IS carried on. 

The mollusc is an obligatory intermediate host of all digenetic tremu- 
todes. The parasitic progeny developing within the mollusc (two or more 
stages) are regarded by some investigators as the products of parthogenesis, 
by others as the result of polyembryony, and by still others as strictly 
asexual in their development. After the cercaria emerges from the mollusc 
and discards its tail it is spoken of as the metacercaria. Except for the 
blood flukes all of the human trematodes have a period of rest or incubation 
following development in the mollusc and previous to entry into the final 
host. If this involves a second larval host, as in Clonorcliis infection, where 
a fresh-water fish is utilized, the mollusc Is designated as the first inter- 
mediate host and the fish is knomt as the second intermediate host. In 
Fasciola-, Fnsciolopsis-, and probably in the human amphistonic-infection‘>, 
the cercaria encysts on grass or other vegetable surfaces and is passively 
transferred to the human or rescr\w host. Such a condition differs from 
that of encystment in the flesh of a fish, since in the fish an actual incubation 
or growth occurs, while the former is only a vehicle for the transfer to the 
definitive host. Vegetable tissue which serves such a function is, therefore, 
not a true Intermediate host but a mechanical sector. In a broader sense 
flies may serve as, mechanical vectors for helminth eggs. 

In his stimulating and well documentcxl essay, “This Wormy World, 
Stoll (1947) has provided an estimate of the total helminthic infection'^ 
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throughout the world which is both staggering and illuminating. It 
amounts to 2,257.1 million, or slightly over one infection for each living 
human being. In North America it is 0.31 per capita; in Tropical America, 
1.38; in Africa, 2.10; in Europe, 0.36; in the U. S. S. R., 0.70; in Asia, 1.24, 
and in the Pacific islands, 0.34. Although the highest incidence is in 
Africa, the heaviest worm burden is in Asia due to the dense population. 
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PATHOGENESIS AND CLINICAL ASPECTS OF 
HELMINTHIC INFECTIONS 

THE HELMINTH IN RELATION TO DISEASES OF ITS HOST 

Although the term “carrier,” that is, a host which shows no obvious 
symptoms of an infection, has come into use in connection with bacterial 
and protozoan infections, its use is still somewhat new in helminthology. 
There is no reason, however, why it cannot be applied equally well in 
human helminthic infections, such as ascariasis, trichocephaliasis, ancylo- 
stomiasis, enterobiasis (oxyuriasis) and hymenolepiasis nana, in which no 
intermediate host is required and in which an infected human being, 
manifesting no apparent symptoms, is a danger to the members of his 
community. In a more figurative sense reservoir hosts which are infected 
with helminths requiring an alternate host are also “carriers." 

An interesting condition is found in the case of Troglotrema salmincola, 
a minute fluke parasitic in the mucosa of the small intestine of fish-eating 
mammals on the Pacific Coast of North America, and recorded from the 
aborigines of Eastern Siberia. The parasite per se produces a superficial 
enteritis and local necrosis of the tissues, rarely petechial hemorrhage. 
However, a filtrable virus, present in the immature flukes encysted in the 
salmon flesh, produces an acute infection, known as “salmon poisoning," 
in dogs and their wild relatives which consume the infected fish. ^lortality 
in these hosts ranges from 50 to 90 per cent. Diagnosis is based on recovery 
of the eggs of the fluke in the feces of the host. Recovery confers lasting 
immunity to the viral disease, but not necessarily to reinfection with the 
fluke. 

Helminthic diseases may become epidemic in nature, due to the introduc- 
tion into an area of a particularly heavy infection, to exposure of a com- 
pletely non-immune population group, or to unusually favorable climatic 
conditions for the parasite. ^lore often, however, such diseases are endemic, 
the infection being maintained in a locality by a repetition of conditions or 
a correlation between parasites and hosts in such a way as to preserve the 
infection. Wherever such circumstances supervene, a vicious cycle is 
established. No better example of a complicated life cycle of this kind need 
be found than that of Dipkyllobotkrium latum, the broad fish tapew’orm, 
which requires, ail seriatim, copepods, fresh-water fish and man or other 
suitable mammals as hosts. 

The damage in the host's body as a result of the lielminth’s presence is 
frequently both local (i. e., at the site where the worm is located) and 
systemic. Locally it may he traumatic, that is, mechanical, or it may be 
l\tic, with digestion of host’s tissues. Both of these types of de.struction 
may take place during the migration of the parasite through the tissues of 
the host or later after the wonn reaches its adult location. Examples are 
provided h\ .Imiri# larvae as they break out of the pulmonary capillaries 
(- 18 ) 
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into the air sacs, by Schistosoma metacercariae which reacli blind ends in 
l)lood capillaries, and by maturing and adult hookworms attached to the 
intestinal mucosa. 

The metabolites of the worms, both secretions and excretions, frequentlj 
provoke local and systemic reactions on the part of the host. In the 
absence of bacterial or other supervening infections, in many helminthic 
infections there is typically an acute or subacute local inflammatory reac- 
tion, in which eosinophils, lymphocj’tes, histiocytes, epithelioid cells and 
giant cells predominate over neutrophilic leukocjtes. This usually leads 
to an eventual fibrosis of the area, in an attempt to wall off the parasite, 
its eggs or larvae. The systemic reaction is frequently one of toxemia, 
causing a general malaise, a variety of nervous symptoms and at times an 
anemia. Whenever there is pronounced local eosinophilia, there is charac- 
teristically a comparable relative, or possibli' absolute, increase in the 
proportion of these cells in the circulating blood. This is a sign of host's 
sensitization to the foreign substances being elaborated by the parasite. 
While this reaction varies widely in different hosts of the same species, as a 
rule it is most consistent!}’ conspicuous in those infections in which the 
Iiarasitc has intimate contact with the host’s tissues, either in migration 
during the incubation period or later. This sensitization may produce sueli 
allergenic phenomena as giant urticaria, asthma or even an eclamptic state. 

rollowing the acute reactions to the parasite a chronic stage ensues, in 
which fibrotie encapsulation of the intruder and its eggs or lar\ae character- 
istically occurs, providing a certain amount of tolerance on the part of the 
host. At this stage, there is usually a relative monocytosis ns in other 
infectious jirocesscs, with a rc<luce<l eosInophlHa. If, however, death of the 
parasite suddenly occurs without its adequate encapsulation, there may be 
a dramatic generalized sensitization reaction, ns, for example, in IJancroft’s 
filariasiN. o}sticcrcosiscclluIoNacan<l hsdatid infection. Certain helminths, 
as sjiecies of Schtstoioma, have a long e.xpectation of life and their contlniietl 
vitality tends to keep the host sensitized. Morcoser, fibrntie repair of 
host’s tissues replacing functional cells, frequently causes blockage or 
spacvMifcupying mas'ses «lueh seriously afTc*ct normal pliysinlogy. 

•Vt times the lesions jiroduce<l by helminths allow bacteria and other 
micro-p.ithogciis to gain ciitrj' into the tissues, thus complicating the 
eoniHtioii A relatively j'ominon example is that of A sen ris causing perforn- 
tion of the intestinal wall, cnaliling coliform Iwcteria to set up a peritonitis 
.\nother examiilc is the Incllrect effect of filarial elephantiasis, in uliich the 
1)1(10(1 supply to the skin of the iiivolvxxl area is practically shut off. uith 
lliickemsl, cracking epidermis uhich ]>criiiits streptococci, stapln Io<t)cei 
.111(1 eutaiKHius fungi to enter and s<’t up infection. 

This brief synopsis of the host-panisitc luter-rclationship pro\idcs an 
orientation for the disease states nhirli the cHuician tmrts in the patient 
(iiul for nhich he must m.ske arcunitc diagnosis and then undertake appn>- 
pri.ite therapy. 

THE SYMPTOMS IN HELftnNTHIC INFECTIONS 

The signs and .s\tnptoms in helminthic iufix’tioiis vary ([uantitati\eh 
.111(1 (pialit.itnel} . de}»eii(ling on the iiuiiiUt or iii.iss of tlie p.ir.isjte, its 
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position in the body, its longevity, the elTcct on the liost produced by its 
eggs, larvte and metabolites, and the tolerance of the j)atient to the particu- 
lar infection. The symptoms may he those of an acute infectious disease, 
may be of moderate intensity, mild or essentially inapparent (f. e.. carrier 
state). They may be localized at the site (>f primary infection, at a distance 
from tlie characteristic location, or generalized. They may he syndromic 
or asyndromic. A few examples will serve to clarify these general 
statements. 

An average, mature beef tapeworm {T^cnia measuring 12 to 

20 feet (about 4 to 0.5 meters) in length, fills a two to three liter container. 
Aside from the nutritional drain on the hninan body and the toxic metabo- 
lites absorbed, the mass of this worm in the small liowcl Is considerable. 
Yet it may produce no apparent symptoms. A hall of intertwined A.'fcam 
in the same location is more apt to jiroduce mnnifc.stations of an acute 
abdomen. A liydatid cyst pendant from the riglit lobe of the liver may 
develop to the size of a football with no pain and relatively little discomfort 
unless a sudden blow* causes it to hurst, with potential anapliylactic reac- 
tion. A small cystic mass or tumor in the brain or spinal cord will usually 
cause early symptoms and may posslldy result in death, A pair of delicate 
filaria worms (irnc/irrcrfu bducrojli) in a groin gland or cpldldynial gland 
may provoke sufficient tissue reaction to result in extensive lymph vari- 
cosity or elcpliantiasls. Yet in many persons this infection is essentially 
asymptomatic. Occasionally in clilldren a sinnll number of the dwarf 
tapeworm illi/nicnolcpis nnna), of the pinworm {Euierniiu.i rermirularijt) 
or of the whipworm {Trichoccphalm trichiuruA) are resjionsihlc for serious 
illness, while in other children ninny worms of these species appear to 
produce no appreciable difficulty. 

Thus, it is necessary for the pliysician to evaluate the symptoms in the 
light of the average manifestations ohscrve<! or reportc<l for the infection 
and, at the same time, to keep in mind the likelihood of atypical manifesta- 
tions Jlorcover, the symptoms present in the patient may be due only 
in part to the helminthiasis. Thus, the fundamental difficulty, as is so 
frequently the case in hookworm infection, may he a state of malnutrition 
aggravated by the parasites. t)r there may he evidence of an intestinal or 
hepatic carcinoma with an associatcil hclininthia''is, which may or may not 
be contributory to the diseased state. The clinician should he “parasite 
conscious,” but this should not outweigh u balanced judgment based on a 
broad background of experience in the pnictice of internal medicine. 

DIAGNOSIS AND THERAPY 

The case history is frequently helpful in suggesting a tentative diagnosis 
of helminthic infections. Geographical location, the patient’s routine 
habits, the customs of the particular population group and their sanitary 
status are all useful in providing clues. Added to these are the findings 
from physical examination and the signs and 'isyinptoins discovered on 
careful questioning. All of these provide the presumptive clinical diagno- 
sis, which must be substantiated by demonstration of the parasite in one 
of its stages. 
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Since a majority of helminths are intestinal parasites, the stool is the most 
useful source of information, but in other infections the urine or sputum 
constitutes the medium for examination. At times biopsied or surgically- 
removed specimens contain the evidence required. In a number of in- 
stances immunological and serological tests are most helpful, provided the 
test antigens are sufficiently pure and dilute<l enough to prevent false posi- 
tive reactions. The technics most practical in laboratory diagnosis of the 
common helminthic infections of man are presented in considerable detail 
in Section VII (ruk infra). 

Therapy in the helminthiases resolves itself into (1) general management 
and (2) anthelmintic medication. The former consists of general supportive 
measures to insure adequate catharsis or to alleviate excessive diarrhea 
(and thus control dehydration), to protect the liver, kidneys, heart and 
lungs, to maintain the constituents in the blood plasma at normal le\els, 
ancl, above all, to provide a nutritious diet, fortifictl ttlth vitamins, iron and 
occasionally liver extract, to combat malnutrition. Transfusions may be 
indicated in patients suffering from severe anemia. Tor certain types of 
patients it is desirable to carry out these supportive measures for a week to 
ten days previous to anthelmintic inc<lleation. 

Thenvailahle anthelmintics, their rclativeeflicacics., contraindications and 
the management of the patient during the period of treatment are con* 
.sidered for each important helminthic infec*tion in a special chapter in 
Section VII (ride infra). 
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CONTROL OF THE HELAIINTHIC INFECTIONS OF 
MAN— THE SCOPE OF THE PROBLEM 

IHTRODUCTION 

CoNTHoL of any disease or group of disejiscs lias as its goal the improve* 
ment of the health of the individual and of the community. Such an 
undertaking can not he properly conceived and entered into witliout 
accurate information, a practicjd i)rogrjun, an adequate stniT and sufficient 
funds. The most notable program ever launched for the control of a 
helminthic infection is that on hookworm, initiated in the Southern Fnited 
States in 1915 by the Rockefeller Fouiulation and later carrictl into jiracti- 
cally every country in the World where the infection was prevalent. An 

examination of tliis project indicates tlic wisdom of cfTcctivc cooperation 

... • . , 1 

he 

cli 

liad to 1)0 considered before setting up practical control measures; the 
desirability of coordinating the services of clinicians, laboratory diagnosti- 
cians and public health officers in the area of control, and the need for 
educating the population as to the purposes of tlic program in order to 
obtain their support. While many helminthic infections arc less e\tensi^ c 
in their distribution and may be brought under control without so great 
an expenditure of effort and financial outlay, the lc.ssons learned by the 
hookworm control program are, in many respects, applicable to other 
lielminthiases of clinical and public health importance. 

KNOWLEDGE OF THE POPULATION AND ITS ENVIRONMENT 

Why are certain helminthic infections prevalent in one cominimity or 
one countr\ and not in a nearby area? The answer may he found in the 
customs of the people or in the environment. As an illustration of the 
human factor one may consider infection witli the giant intestinal fluke, 
Fasciolojifis husLi. In the Canton region of China this is a major clinical 
and public health problem, whereas in Fukien Province, only a few liiindrcd 
miles to the north, human infection is uncommon. In Canton the “water 
chestnut” which is the plant vector, containing the encysted larvae on its 
surface, is “peeled” by using the lips and the teeth, the little cysts become 
free in the mouth, arc swalloweil and initiate infection. In Fukien a knife 
is used to peel off the inedible hull and iio infection results. As an example 
of the environmental factor, dilTerences in rainfall, topography, tempera- 
ture, ])rosence or lack of essential intermediate hosts and other epidemiologi- 
cal conditions may be responsible for heavy infection, light infection or 
complete lack of it. 

RESERVOIR HOSTS AND CONTROL 

When man alone is the definitive host of a helinintli, the problem of con- 
trol is far simpler than that in which there are efficient reservoir hosts. In 
( 52 ) 
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liookworin infection, strongyloidiasis, taeniasis and vesical scliistosotniasis 
there are no good reservoirs of the infection to replace man in the c\cle 
Ily controlling human customs it is possible, although not cas.\ , to control 
these helminthiases. Likewise, in Bancrofts’ filariasis, known only as a 
human infection, eradication of the mosquito intermediate Jiost constitutes 
s(»und preventive jiractiee. On the other hand, Oriental schistf)soiuiasis, 
clonorchiasib and sheep liver-fluke infection defy control h\ eliminating 
human exposure, since there are numerous eflicient reservoirs 

CONCLUSION 

In preventive medicine as applic<l to the helminth parasites of man there 
is need for a basic understanding of each disease entity in relation to the 
customs of the infected population and the environmental conditions wliich 
favor the propagation of the parasite. Prevention or control is impractical 
n ithout general and particular epidemiological information concerning the 
parasite, rrequently the bcrviecs of sp<*ciah!>ts, such as experienced 
parasitologists, metlical entomologists, sanitary engineers, ngricnlturalists. 
visiting nurses, social workers, and at times anthropologists, nuj-t he 
enlisted to elucidate the background of the problem and to provide practical 
answers to the difficulties encountcreil in carrying nut control. 
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THE SCIENTIFIC NOMENCLATURE OF HELMINTH 
PARASITES 

INTRODUCTION 

Undouutkdly the most perplexing and most troublesome element 
entering into the study of any group of animals or plants is the scientific 
terminology or nomenclature of the various species. Of animal species it 
has been conservatively estimated that there are probably more tlian 
10,000,000, of which only about one-tenth liavc been carefully def>cribc{l 
and named. To the me<lical zoologist or the pliysician, who is primarily 
interested in the study of a parasitic organism in relation to its environment 
and the disease which it occasions in its host, the application of a set of 
rules, which appears to be arbitrary, and at tlie same time inconsistent, is 
irksome and cumbersome. As a matter of fact the rules whicli apply to 
zoological nomenclature may be arbitrary but they follow with the utmost 
consistency a code of procedure, base<l on the work of the physician 
Linnreus, and framed by a representative group of zoologists, including a 
considerable number of those particularly interested in the medical aspects 
of the subject. The basic principle of the present-day classification is that 
of binomial nomenclature, first consistently used by I^innieus, in 1751 and 
expanded by him in the tenth edition of his “Systema Naturre” (1758). 

THE INTERNATIONAL CODE OF ZOOLOGICAL NOMENCLATURE 

LmnsDus derived his genus and s|)ecies concepts from Greek logic. In the earlier 
editions of his work be employed Rcveral lines of descriptiv'e text to differentiate 
species, but in the tenth edition he limited the species description to a single word, 
m order to save expense in publication. Thus, by a combination of Greek logic and 
by force of circumstance was binomial nomenclature bom. 

For nearly a century and a half following Linna?us’ time various indiriduals or 
groups of indmduals attempted to modify or supplement this code, but without 
marked success In 1889 R. Blanchard presented to the First International Zoologi- 
cal Congress in Paris a Code w hich was adopted by tliat and the subsequent Con- 
gress (1892) but failed to receive universal sanction. At the Third Congress (1895) 
an international commi-s-sion was appointed to develop a code which would be 
acceptable to all groups of zodlogLsts. Progress reports were made at the Fourtli 
and Fifth Congresses and at the Sixth Congress (1904) the commission was made 
permanent and a subcommission, which had been previously delegated “to edit the 
code in English, French and German,” presented The International Code of 
Zoological Nomenclature. 

This code consists of thirty-si.\ simple articles, supplemented by recommendations 
and discussion These articles, together with the “Code of Ethics” and “Suspension 
of Rules in Certain Cases,” are as follows: 

General Considerations 

“Article 1. — Zoological nomenclature is independent of botanical nomenclature 
in the sense that the name of an animal is not to be rejected simplj’ because it is 
(M) 
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"Article 3. — The scientific names of animals must he « ords w Inch arc either Latin 
or Latinized, or considered and treated as such m case they are not of classic orijjin. 

Family akd Subfamily Xa'ies 

"Article 4. — The name of a family is foimed by addins; the ending id^e, the name 
of a subfamily liy adding in*, to the root of the name of its type genus 

"Articles — The name of a family or subfamily is to be changed Mlten the name of 
its type genus is changed. 

Generic and SuncF.SEnic Names 

"Article 6.— Generic and subgenenc names arc subject to the same rules and 
recommendations, and from ft nomenclatura! standjioint thej arc coordinate, that 
IS, they are of the same value 

“ArtWe 7.— A generic name liccomes a aubgenenc name, wlien the genus w) 
named becomes a subgcnus, and rice versa 

'Mrfi'cfc 8.— A generic name must consist of a single word, pimple or compound, 
written w ith a capital initial letter, and employed as a substantive m the nominative 
singular. Examples Cams, Perea, Ceratodus, lltfmnokpis. 

"Article 9,— If a genus is divided into aubgcncra. the name of the typical subgcnus 
must be the same as tlie name of the genus (sec Article 25) 

"Art lefc 10 — Wlien it js de>ircd to cite the name of a «iibgenus, this name is to lx? 
Iilaced In parentheses between the generic ami the sjiccific names Examples, 
roncssfi (Pyrarneis) cardui. 

SrEClFIC AND SoB'SPECIFIC NaME3 

"Article ll.—Sjiecifie and pub«pocific n-smos arc subject to the same rules and 
recommendations, and from a nomenclatural standj»oint Ibey arc coiirilinatc, th.at 
IS, they arc of tlic same value, 

"Article 12.— A specific name becomes a sul>s}>cciric name wlion the P|tccies so 
named becomes a siib'|»ccies, and ace versa 

"Article 13.— While Pjwcific sulislftnln'c names derived from names of jvrvms 
m.ay Iw m ritten m itli a capital imtial letter, all other hi>ecific names are t<» be written 
with asmall initial letter Exanijiles Uhito’^toma Cwrim or Itk ninen. h rancoUriM 
Lucam or F fucinii, llypcxicrma Diana or II diana, lAiophonlr Mohammed or L 
wioAnnimcd, Oestrus ovis, Comis evrnr. 

"Article 14 — Sjiocific names arc 

"(a) Adjectises, which must agree grammatimtly with the generic name 
Example. Felis marmorala 

“(f») Substantives in the iiominalisc in ap|«osition with the generic name 
Example Fehs Ico. 

“(c) Siilistantivcs m the pemtisc. Examples r&«-. stunoms, antdtarum, 
Ontlir, sancfi-jMtuh, snnct-rAielertx 

“If the name i* given as n dcibcation to one nr N-veral j-ervon-. the genitiie is 
foirneil m acconlnnce with the nites of Eatm decimation in c.ase tlie name was 
emplojc^l nnd doclmrsl m IJitm Examples nrislnttln, rtcl.fis, anlnnit, 

tlisolMihr, jiflri (given name) 
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“If the name is a modern patronymic, the genitive is always formed by adding, to 
the exact and complete name, an i if the person is a man, or an x if the person is a 
woman, even if the name has a Latin form; it is placed in the plural if the dedication 
involves several persons of the same name. Examples: cwyi'cn, mobixm, nunezi, 
merianx, sarasinorum, bosi (not bovia), salmoni (not salmonis). 

"Article 15— The use of compound proper names indicating dedication, or of 
compound words indicating a comi>arison with a simple object, docs not form an 
exception to Article 2. In these cases the two words composing the specific name 
are written as one word with or without the hyphen. Example: sanctx-calharinx 
or sanclxcatharinx, jan~mayem or janmayeni, cornu-pastoris or cornupastoria, cor- 
anguinum or coranguinum, cedo-nuUi or cedonulli. 

“Expressions like rudis planusque arc not admissible as specific names. 

"Article IG —Geographic names are to be given ns substantives in the genitive, or 
are to be placed in an adjectival form. Examples; sancli-patdi, sanclx-helenx, 
cdwardiensis, dicmensis, magellanicvs, burdigalcnsis, vindobonensis. 

“Article 17.— If it is desired to cite the subspecific name, such is written imme- 
diately following the specific name, without the interposition of any mark of 
punctuation Example; Rana escuUnta marmorata Hallowcll, but not Ram 
eserdenta {marmorata) or i?ann marmorata, Hallowcll. 

“Article 18 —The notation of hybrids may be given in several ways; in all ca«es 
the name of the male parent precedes that of the female parent, with or without the 
sexual signs; 

“(a) The names of the two jiarents arc united by the sign of multiplication (X) 
Example' Capra hircus c? X Ovis ancs 9 and Capra hircus X Ons ariea are 
equally good formula 

“(5) Hybrids may also be cited in form of a fraction, the male parent forming the 

numerator and the female parent the denominator Example: ircu ^ 

* ‘ Ovis anes 

second method is in so far preferable that it permits the citation of the person w ho 

first published the hybrid form as such. Example- cnnodensis 

^ Anscr cygnoidcs 

“(c) The fractional form is also preferable in case one of the parents is itself a 
. V. j 1 Tdrao tclrix X Telrao xtrogallm. ^ 

hybrid. Example: tt-,; i, = In the latter case, however, 

Gallus gallua 

parentheses may be used. Example {Tetrao leirix X Tetrao urogallus) X Galht^ 
gallus 

“(d) When the parents of the hybrid arc not known as such {parents), the hybrid 
takes provisionally a specific name, the same as if it were a true .species, namely, as 
if it were not a hybrid; but tlie generic name is preceded by the sign of multiplica- 
tion Example X Coregonus dolosua Fatio 

Formation, Derivation and OirrHOGRArinr of Zoolooical Names 

"Article 19. — The original orthography of a name is to be preserved unless an 
error of transcription, a lapsus calami, or a typographical error is evident. 

"Article 20 — In forming names derived from languages in which the Latin 
alphabet is used, the exact orjgmal speUing, including diacritic marks, is to iie 
retained. Examples Selysius, Lamarckia, KoUikeria, Mulleria, St’ilia, Kr0yeria, 
Ibahezia, mobiusi, medici, czjSeki, spitzbergensis, islandicus, paraguaxjensis, pala- 
gonicus, barbadensis, faroensis. 

Aitthor’s Name 

"Article 21 — The author of a scientific name is that person who first publishes the 
name in connection with an indication, a definition or a description, unless it is clear 
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from the contents of the publication that some other ijerson is responsible for f-aid 
name and its indication, definition, or description. 

"Arlicle 22.— If it is desired to cite the author’s name, this should follow the 
scientific name ithout interposition of anj’ mark of punctuation; if other citations 
arc desirable (date, sp. n., emend., sensu strieto, etc ), these follow after the author’.s 
name, but are separated from it by a comma or by parentheses Hxamples; Pn- 
mnki Linn<5, 1758, or Primates Linn4 (1758). 

“ Article 23.— When a species is transferred to another than the original genus or 
the specific name is combined with any other generic name than that with which it 
was originally published, the name of the author of the .specific name is retained in 
the notation hut placed in parentheses Example Tsnia lata Lmnd, 175S, and 
Dibotknocephalus fatus (Linnd, 1758), Fasciola hepatica Linn6, 1758, and Distoma 
hepalicum (Linn4, 1753). 

“If it is desired to cite the author of the iicav combination, his name follow^ the 
IKircntlieses. Example: Lunnatis mloUca (Savign}', 1820) Moquin-Tandon, 1826 

"Article 24.— When a species is dirided, the restricted species to w hich the original 
specific name of the primitive species isattributedmay receive a notation indicating 
lioth the name of the original author and the name of the revi«cr. Example. T.rrnn 
folhm Linn4 partim, Goeze. 

The Lxw or PmouiTV' 

"Article 25 — The valid name of a genus or siiccics can be only tlist name under 


“(6) That the author has applied the principles of binary nomenclature 
"(c) But no generic name nor specific name, published after December 31, 1030, shall 
haicany status o/at’fljlo6ili<y (hence also of ralidity) under the Rules, unless and until 
It 18 piiWi'slicd either 

“1. with a summary of characters (scu diagnosis, sen fkfinition. sen condensai 
dMcripfjon) which differentiate or distinguish the genus or the species from other genera 
or species, 

“2. or urith a definite bibliographic referenee to such summary of ehnracter.s («c» 
diagnosis, sen definition; sen condensed deseriphon). And further 

“3 171 the ease of a <?c 7 ienc name, with the definite unnmftijiHou* designation of c 
t'ipe species (scu genotype, sen nvtogenotype. sen orthotype) 


ArPLtcvTioK or the E'W or PnioniTV 
"Article 26 -The tcntii edition of Linn6*s Syslema Xaturr, 175S, is the «ork 
"Inch inaugurated the consi-.tciit gcncml application of the hinarj- 
zwlogj-. The date 1758, therefore, is acccptcil as llie starting i>oint of zoolog . 
nomenclature and of the Law of priority. , , , , . ... 

“Arlielc 27,-Tli(! law ot iirionly oblaiiH and con«?q<iciitly the nided n.ailal'le 

nnme Is retained: , ... ... 

“(n) Wlion any part of an niiimal is namcil licforc tlie aninnl itself, 

“(5) Wlicn the larva is named lieforc the adult; , 

"M When the lao few. el an animal liayc been eoiLidered a. di.tinct .[.ecie. 
c'cn as lx>longing to db-tinct genera, , , , 

"(<0 Wlien an animal rnire-enls a mnilar mcce«inn nl di.-imilar 
"hid, have been conddered a. IwtonEinK In diflrrent "l«:ie. nr eien to d.Hdcnl 
erncra. 

' ttaliciifsl tjjH' rtprt^nla th<* amcndnienl •clopteil l»y *1'^ liiirrnMi7>nal 7 
fonerrM. „l,icl, mot in llu<ln|-’«t. F.'ptpmlicr 4 «<* fl. It*^. 
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"Article 28.— A genus formed by the union of two or more genera or subgenera 
take.s the oldest valid generic or subgcncric name of its components. If the names 
are of the same date, tliat Rclecto<l by the first reviser shall stand. 

“The same rule obtained when two or more sjwcies or subspecies are united to 
form a single species or subsjiccios. 

“i4r/ic/e 29 —If a genus is divided into two or more restricted genera, its valid 
narr — i - - i-. w. » *i * • » « 

for 

following rules (a to g), applied in the following order of precedence: 

“1. Cases in which the generic type is accepted solely upon the basis of the original 
publication: 

i« . ri« • 1 (jnitely 

■ ■ ■ ■ • ’ other 

a new 

specific name for one of the species, such use shall l>e construed as “type hy original 
designation.’’ 

“(c) A genus proposed w itii a single original species lakes that species as its type. 
(Monotypical genera.) 

“(d) If a genus, without originally designated (sec it) or indicated (see i>) type, 
contains among its original species one possessing tlie generic name as its specific 
or subspecific name, either as valid name or sjmonym, that species or subspecies 
becomes ip5o /octo type of the genus. (Tyjie by absolute tautonymy.) 

“II Cases m which tiie generic tyiie is accepted not solely upon basis of original 
publication. 

“(e) The following species are excluded in determining the types of genera. ^ 
"a Species winch were not included under the generic name at the time of its 
original publication 

"0. Species wliicli were species tnqutrendee from the standpoint of the author of 
the generic name at the time of its publication 

“ 7 . Species which tlic author of the genus doubtfully referred to it. 

“(/) In case a generic name without originally designated type is proposed as 
substitute for another generic name, with or without type, the type of either, when 
established, becomes ipso facto the type of the other. 

"(f?) If an author, in publishing a genus w ith more than one valid specie'’, fails to 
designate (see o) or to indicate (sec 6, d) its type, any .sub'iequcnt author may select 
the type, and such de-signation is not subject to change (Type by sub.«equent 
designation ) 

“The meaning of the expression 'select the type’ is to be rigidly construed. Men- 
tion of a species as an illustration or example of a genus does not constitute a selec- 
tion of a type. 

"Article 31. — The division of a species into two or more restricted species is su 
ject to the same rules as the division of a genus. But a specific name which un- 
doubtedly rests upon an error of identification cannot be retained for the misdeter- 
mined species even if the species in question are afterward placed in different genera. 
Example: Txnia pectinata Goeze, 1782 = CitloUenia pectinata (Goeze), but the 
species erroneously determined by 2^er, 1800, as 'TiBm'a pectinata Goeze’ = Andrya 
rhopalocepknla (Riehm) ; the latter species does not take the name Andrya pechna a 
(Zeder). 

Rejecttok of Names 

"Article 32— A generic or a specific name, once published, cannot be rejected, 
even by its author, because of inappropriateness. Examjile: Names like Pohjodon, 
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Apwi, albus, etc., \\hon once published, are not to he rejected because of a claim 
that they indicate characters contradictor}’ to those possessed by the animals in 
question 

"ATttck 33.— A name is not to lie rejected because of tautonymy, that is, because 
the specific or the specific and sul>«i)ccific names arc identical witli the Rcneric n.ame. 
Examples Tnilta (ndta, Apus aptis apuf. 

" Article 34 —A fjeneric name is to l»c rejected as a homonym uhen it has previ- 
ously been u«ed for some other genus of animats. Example; Trichina Owen, 1835, 
nematode, is rejected as homonym of Tnehina Meigen, 1830, insect 


Code of Ethics 

"Without presuming to be the arbiter of imlnts of general ctliic.s, the Commission 
IS por-uaded that there is one phase of this subject ujion which it is comjioteiit to 
speak, and in reference to this point it suggests to the Congrcs.s the adoption of the 
following resolution' 

“irAcrena— expenence has phown that authors, not infrequently, inadvertently 
publish ns new designations of genera or species, names that arc preoccupied, and 
"ir^freos— experience has al-o shown tliat some other authors, discovering the 
homonymy, have puhlished new names for the Later homnnjTns in question, it 
Ihcreforc 

"Uesolved— Tliat w hen it is noticed by any zoologist that the generic or specific 
name puhli-hcd by any In ing author as new is m reality a homonjin, and therefore 
unavailahle under Articles 34 and 36 of the Rules on Nomenclature, the proper 
action, from a standiioint of professional etiquette, is for said pcr«on to notify said 
author of the facts of tlie case, and to give said author ample oiiportunity to projinse 
a substitute name. 

“Article 3.')— A specific name is to he rejected a« a homonym when it |has previ- 
ously hceti useil for some other sjiecies of the same genus. Example. Tmia ot'illa 
Rivolta, 1878 (« tp ) is rejected as homonym of T ovilta Omelin, 1790. 

“When m consequence of the union of two genera, two different animals ha\ing 
the same hfiocific or 5uh«i>ecific name arc brought into one genus, the more recent 
siioeific or suh'iwcific name is to lie rejectcsl as n homonym. 

“f'|>ccific names of the same origin and meaning shall he considered homonyms if 
they arc distinguished from each other only bj* the following difference-*: 

"(a) The use of ae, oc and e, ns rornifruji, rwriiffiM, crridna ri, i and y, ns 
ehiropm, eheiropiii. c and h, ns mieroilon, mikroiion. 

“(b) Tile aspiration or iion-a«piration of n roii-onant, as ori/rynciM, oiijrhynrhiu. 
"(r) The prc^rncc or ab'e/ire of a e liefore t, as aulumnnlif, auetumtinht. 

"(f/) By a Fingle or double con-onanl, b/orn/i#, Utlorahi. 

“(f) By the ending rnsu and tenrif to a geographical name, ns tiniorcnsir, 
/imonensi*. 

“ Article 3(5. Hejectc*! homonyms’ can ne\cr lie again us«l Rejeclfsl i-ynonyms 
e.iu again !«• use«l in c.ase of the restoration of erroncsm'ly Mij)pres.so<l group*. 
Example Tsenta Gtartli Monirz, 1870, wa* suppre-^^l ns a pynnnym of T'a'am 
orilla Hivolt.a. 1878. later it w.a« discoverwl that Tirnia ortlla wa« jireoccupie*! 
(T’a’NKi or Ita (•melin, 1700). Tmin ori//a. 1878. is Mipprevsetl ns a homonym and 
e.an iie\cr again l>e iisotl, it was atill-lioni ami cannot l>e brought to life, earn when 
tlie P])oci(w i< plartal in another g»'nus (TA»/«rtno»o»wi). 7*^nio Giardi, 1870. which 
was Mippn-<.-*al as a pyiiona m. liertimes xalid U|w»n the Miiijirr-sioii ftf the homonym 
Trnia oritln ItiM>It.a 

' \ l.ortw.tijm «• <l< Riiol O) l“tiW m ”onr an>! lirt* •vnr n»Bir fur tw” *’f n*nrt. 
noil)-!!!- itifTpfriil nam/t f.,r an<( lli» »»n>r ttu’>r *’ 


•JiffpffnI 



(H) lyOMKA’CLArUIlK OF IlIiLMIiVTIl VAUASITFS 

Snsj)C7ision of Rules in Certain Cases. 

“Resolved.— That plenary power is herewith conferred upon the International 
Commission on Zoological Nomenclature, acting for this Congress, to suspend the 
R&glcs as applied to any gi\ cn case, where in its judgement strict application of the 


suspension of the Regies as applied to such cases is under consideration, thereliy 
making it possible for zoologists, particularly specialists in the group under question, 
to present arguments for or against the suspension under consideration; and pro- 
1 ided, also, that the vote in Commission is unanimously in favor of siwpension; and 
provided, further, that if the vote in Commission is a two-thirds majority of the full 
Commission, but not a unanimous vote in fnv'or of suspension, the Commission is 
hereby instructed to report the facts to the next succeeding International Congress, 
and 

“Resolved.— Tliat in the event that a case reaches the Congiess, as lieicinbefore 
ilescribcd, with a two-thirds majority of the Commission m favor of Misjicnsion, hut 
without unanimous report, it shall lie the duty of the President of tlic Section on 
Nomenclature to select a special hoard of 3 members, consisting of one member of 
the Commission who voted on each .side of the question and one cvmembcr of the 
Commission who has not o\pres«c<! any public opinion on the ca'c, and this special 
board shall review the evidence presented to it, and its rcjiort, either majority or 
unanimous, shall bo final and without np|>cnl, so far as the Congress is concerned, 
and 

“Resowed.— T liat tlic foregoing authonly refers in the first instance and espe- 
cially to cases of names of larval stages and the transference of names from one 
genus or species to another, and 

“Resol\'ed — Tliat the Congress fully approves the plan tliat has been inaugu- 
rated by tlie Commission of conferring with sjiocial committees from the sjiecial 
group involved m any given case, and that it authorizes and instructs the Commis- 
sion to continue and extend tins policy ” 

During the 13th International Congress of Zoology held in Paris, July. 
1948 the International Commission on Zoological Nomenclature achieved 
several important advances in zoological nomenclature. In a revised text 
of the “Rules” the decisions hitherto cmbo<lied only in the “Opinions” of 
tlie Commission are to be incorporated into the "Rules.” Special "Sche- 
dules” attached to the “Rules” will embo ' * . . 1 ... 

particular cases. In the future decisions 
issued as “Declarations,” for proposed 

while decisions on individual cases will be issued as "Opinions.” Refore 
long all of the body of international law with reference to zof logical 
nomenclature will be available in a single x’olume. It is planned to enlarge 
the “Official List of Generic Names in Zoology” and to issue a companion 
official list of species, names xvhich are not to be changed for nomenclatorial 
reasons alone without prex’ious approx'al of the Commission (Hemming 
1948, Science 108, No. 2798, 156-157). 

DISCUSSION 

While this code is not mandatory on xvorkers in zoblog}' and allied 
sciences, it has been urged in the interests of uniformity. Furthermore, it 
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has now come to receive almost universal recognition. U nfortunately, the 


hewildered by having to recognize old forms under new names. Such real 
difficulties as these almost always bring about inquiries as to ^\hy the 
names of zoological species, ■n hen once established, should require continual 
revision. In answering the difficulty it may be stated that if the first 
designation of a species following the year 1758 had been accurate, and if 
the published description of the species had been sufficientK complete to 
enable subsequent workers to recognize the species, then under ordinar\ 

circumstances!'' ’ ’’’ ' ’ ’ ' ^ - - 

however, the 
diagnoses of sp 
one from the < 

related species. Linin'eus himself (1758) grouped tlie beef tapeworm of 
man (?’. saginatn Gocze, 1782), and the ttenia of the dog (?’. hydutigenu 
Pallas, 17(i()), together with the pork tapeworm, under the single name 
Tainui solium. 

In many instances the accumulation of data throiigli the jears has 
required the division of one genus such as Disfomn Ilctr-ius, 1700. which 
originally included all of the distoinate digcnctic flukes, into man.\ genera, 
so that such species as FoscioiofMi.'i bush (I.,ank., 18.'7), Clouorrins siucnvs 
(Cohhold, 1875), and Paragoiumus tccsienitant (Kcrhert, 1878). which hail 
originally been placed in the genus Disioma, were removed by kier workers 
for good and suflicicnt reasons and placed in more restricted groups 
Furthermore, where two or more investigators described the same species 
at about tbe same time under different names, it iias been neccs^ari to 
discover which of these names has priority and which is to be regartled as .i 
synonym of the other [Example: Fasclolopsis bush (I.ank., IS.’iT) ha‘! 
priority over F. crassinn (Cobbold, ISCO), the latter being a .sumnyrn J 
•^ 0111 , numerous iiistancvs base conic to light in which an original dc^(•riI)- 
tioii 1758) has long been burinl in the literature and nctuall\ bad 
firlfirity over commonly rccognizerl names subsequently gi\cfi. lortnu- 
atcly for the nictlical man such instancc.s in im'ilkal zoology are not 
Common. 

Ill the ease of genera it is not permitted to U'<* tbe same generic name in 
more tlmii one groiij) of the Animal Kingdom. Hence tbe term Trirhiiin 
Owen, is:!.'), was found b\ HnilHet to lie unavailable for tbe nemafoile 
fJ.ir.isite wliicli had eornmonfv been referml to ns "Tnchtna sptrahf, 
hetiiu'e it bail been previouslj u«e<l for n group of Dijitera (IS'>n). In 
i-oiw'Kjuenc-c of this fact IlailHet (JS0,'>) reiiaim'il the neinatisle genus 

TrirfiiucUn. 

In no small number of cji^es tbe larsal stage of the worm was know n ami 
de^eribed before the adult had lioen discovered, Ac<t)nling to (he Iltiles tjie 
flr't nauiegben to an.' stage of (be fife e.'cle of an <»rgani'm (ArtirJe 2</') 
has preeislence over a later one, even tliougli tliat fiist name was iimc! to 
designate tin- !ar\a. Tims Jirhinttn>rcu.s granuhunn (r«m'7e. l«Mi) has 
J»riorifyo\er lirliiiii>r<>rrifi r rr/iimintrrH* (Zcilcr, Ueinl.ind. JKA and 

r.7/nVj re/,ira^>rn/T (Znler. ISfH), wbetbrnTfemice is rn.nle to (lieh'il.itid 
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in man, sheep, ox and pig or to the adult tapeworm in the dog. Sirongij- 
loidcs sicrcoralis (Bavjiy, 1876), first designated for the free-living .stage of 
the Cochin-China worm, also takes precedence over Slumgyloules infesli’ 
nalk (Bavay, 1877), the name first applied to the parasitic generation. 

In a few instances involving helminths parasitic in man, forms originally 
believed to he different species of the same genus are now known to he one 
and the same species. Thus CUmorchis aincn.iix (Cohhold, 1875) and C. 
endeviicits (Baelz, 1883) have been iinite<! under the name Clonorchis 
sinensis, and Fasciolojms buski (I..ank., 1857), F. mtlioiiisi (Poirier, 1887), 
F. fiilJehnrni Rodenwaldt, 1909, and F. goddardi Ward 1909 are all now 
referred to ns Fnscioloims hushi. 

Confusion in synonymy lias also been due to conskiering organisms 
morphologically similar hut occurring in iliffercnt hosts or in the same hosts 
in different geographical areas as distinct species. A case in point is 
Paragonimus wcsierninni (Kerhert, 1878) from the tiger and P. ringeri 
(Cohhold, 1880) from man. Since the species from man is now usually 
considered to he identical with that from the tiger, the human parasite is 
designated hy the earlier name. Another case in point is the hookuorm of 
the Tropics and Subtropics, originally de.scril)e<l hy (lomezde I'aria (1910) 
from the dog and the cat in Uio ns Aiici/hshnin braziliense and hy I/ioss 
(1911) from the civet cat in Ceylon as .1. ccylanicnju. Por several years 
these were believed to he different species hut liavc laterly been considered 
ns identical. There is still doubt as to whether the common nsenrid of man 
and of the pig is one and the same species. Althongli the worms arc 
morphological the same, the pig has not yet licen proved to be a physio- 
logically adapted host for strains of the organi.sm originating from man. 
On the other hand, experimental evidence is fairly convincing that the 
dwarf tapeworm of man, Ilymenolepis nana (v. Sichold, 1852), is identical 
with Ilymcnoleins fraterna Stiles, 1900, of the rat. In such instances uherc 
the human material was first dcscrihc<l no serious difficulty arises in 
nomenclature for one interested only in human liehninths, but where the 
description of the parasites from man <loes not take precedence over that 
from other hosts, it is important for the physician to know whether there 
are prior claims that must be recognized. 

Perhaps the greatest ilifficulty in the whole system of nomenclature and 
certainly that working the greatest hardship for meillcal men, is the sudden 
change of a long-established name for what seems to be a neuipne. For 
example, the broad tapeworm commonly referred to as liothrioccphalus 
latns" or “ Dibnthriocephalus latiis'* has witliin recent years been renamed 
" DiphyUohothrium latinn," in view of the fact that the genus lioihrio- 
cephalus' ' • " ^ i- • *i- intestines 

of fishes, ' ■ ■ ■ lies, tlie 

adults of ' ' Subse- 

quent removal of the filaria, commonly referred to as “Fj'fnrin feancro/<i 
to P uclicrerin {i c., JVuckercria bancrofti), and the pinuonn, "Oxyurts 
vermicidaris” to Enicrobuis {i.e.,Enterobiustermicuhris), has been based on 
different but justifi.able grounds, but, to the student not interested in the 
technical details of nomenclature, such changes may appear to be ill-advised 
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or at least unnecessary. It is recogni 2 ed that long continuous usage, 
particularly of terms commonly employed in medicine, might rightly con- 
stitute a sufficient reason for setting aside the strict application of the rules 
of nomenclature, but, on the other hand, if exceptions are made in one series 
of cases, it is altogether likely that otlier tj-pes of e.vceptions might be asked 
for on equally plausible grounds. (See “Suspension of Rules in Certain 
Cases” under Art. 30, above.) 

Only one name applied to a helminth parasite of man has gi\en rise to 
real orthographic difficulties. That name is the one used for the hookuorm 
originally described by Dubini (1843) as Agehylosioma duodenalc In vieu' 
of the fact that the first two syllables of the generic name as given by 
Dubini were barbarian rather than classical in their origin, the International 
Commission on Zoological Nomenclature adopted Ancylosioinn as the 
correct form. Such variantsas Anchylosto7Ha, Ankyhdoma and Ankylasto- 
mum are therefore not considered proper usage As a matter of consistency 
the term designating an infection with hookworm of the genus Anryhftoma 
should be ancylostomiasis and not anehylostomiasis or ankylostomiasis. 
(Uncinariasis, which is commonly' employed to designate infection witli 
AVeafor americanus^ should be reserx'etl for infections with Vndnarin, a 
genus of hookworms occurring in the dog. cat. fox, pig and badger.) In 
this connection the term " Dilhama", which is commonly used for the 
blood-fluke infections, SckiMosoma hxmatoliim and N. mansnm, is an 
absolute synonym of the term Schistosoma, and .should nc\cr he used in a 
nomenclatural sense- 

Enougli has been said by way of comment to show tliat the Uode of 
Zoological Nomenclature, although necessarily arbitrary . is entirely ctm- 
slstont, ami that difficulties which have arisen have usually resulted from 
inherent errors in designations made by various authors or by their in(“or- 
rcct application of the Rules. One cxtraonlinary difficulty , that of "phy sio- 
logical .species,” cannot bcsoKe<l by the Cmle, winch is by its very nature a 
static Instrument. 


OFFICIAl. GENERIC NAMES OF PARASITIC HEUVnNTHS OF MAN, 
BASED ON OPINIONS RENDERED BY THE INTERNATIONAL 
COMMISSION ON ZOOLOGICAL NOMENCLATURE 

Opinion frfi (rcb., 19ir>). Xeshtiielmintiibs .Inryotlomn, tyjv lUifxlnintf, 
.Wfona, type lumbncoide% Dracunrtilus. tyrx* tyjK- 

spinigerum; Ncealor, tjjH' ammeanu*; Slrongyhidt*, lyin' ftrrrorali*. TnrAa- 
ftrongyhiA, type rtlorl^fortm^ Gordius, ty|K* aqualicut, Paragordw*. lyj>e mrnM 
Opinion 77 (Jan. 31, 1922) TnKMsxoDS Schtaommn, ly|>i' LTmalot.tum Cr*- 
'SoxiK.—IIt/mcnolepis, tyjw Jiminuta. 

Opinion SI (Dec. 10, 192.»). TnBMmms.— tyi>e htirrolum (icl 
dfndrilinm Mih jiidiw); Fa^noia, l>|x; Arpn/.m. lltirropfojf*. ty]yr- hrtrroph:/r* 
Ct.HTnUK.—Dnrninca, tyjte progMlina. Diiytidium, tyi>o raniniim. f,rAr«orfVfu», 

tyi>o Tj-nin, tyix* 

Opinion 101 (Sept 19, 192S). Cr-sTons. Liguh, tyiK* 

lletcrcxlmi, ty jk; rehneht,,. /WrtWiti*. tJix* Ifmado. Syngomui ty i>r trachm. 



NOMENCLATURE OF HELMINTH PARASITES 




OPINIONS OF THE AMERICAN SOCIETY OP PARASITOLOGISTS 

Report of the Committee on Terminology (December, 1934)' 

The Committee stated that itsfunctions were "iaformativ'c and advisory 
and that any attempts at legislation are unwarranted.” 

Infection vs. Infestation.—Thc terms inject and infection are “properly 
applicable wherever the parasite invades and establishes itself within the 
body of the host, including, in this sense, the gastro-intestinal tract. This 
would apply then, not only to bacteria and protozoa, but also the helminths 
and those insects, such as the hot and warble flies, which become internal 
parasites ”... “We believe that infest and infestation ought to revert to 
their original use in connection with external, and in most cases visible, 
agents ”... “We fail to see any reason for continuing the use of the term 
infestation as applied to internal parasites and believe that the present 
confusion will disappear only if its use be discontinued.” 

Ilosi-Spccificity, etc.— “There may be host-specificity on the part of a 
given parasite, but it can hardly be m.aintamed tliat the converse c.vists, 
namely parasite-specificity on the part of a given host.” 

Symbiosis, Symbiont and Symbiote.— According to de Bary (1879), who 
first employed the term, symbiosis is a general term “characterizing the 
living together of unlike organisms,” including all degrees of parasitism, 
commensalism and mutualism. “The terms symbiont and symbiote are 
applied to the members of the symbiotic relationship and may properly be 
used for either member, though it has become the custom to refer to the 
smaller as the symbiont or symbiote and to the larger as the host.*' 

Report of the Committee on Nomenclature (December, 1940)* 

“It was the opinion of the Committee that under the International Rules 
of Zoological Nomenclature Trichuris rather than Trichoccphahis is the 
valid generic name, and that Dioctophyma renalc is the valid name for the 
giant kidney worm.” 

NAMES OF PARASITIC HELMINTHS OF MAN AND PATHOLOGICAL 
DESIGNATIONS FOR INFECTIONS WITH THESE PARASITES 


Namp oi Parasite 

Platyheluinthes 

Trematoda 

Centrocesius armatus (Tanabe, J922) 
Centrocesius formoaanus (Nishigon, 1924) 
*Clonorchis sinensis (Cobbold, 1875) 

Dicroccelium dendriticum Rud , 1819 


ratholocical Deeicnation for in/ectioti 
riith thii Parasite* 


trematodiasN or fluke infection 


clonorchiasis or Chinese liver- 
fluke infection 

dicrocccliasis or Dicrocahum 
infection 


‘Reference Jour Parasitol , 23, 325-329, 1937 


Common helminth infeetione of malt 
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Name of l’ara«i(e 

DioTchiirema pseudocirraium Witenbcn;, 1929 
Eckmochasmus perfoUatus (v. IMtz, 1908) 
Echinopartjphium paraulum (Dietz, 1909) 
Echinoparypkium reeurvalum (v. Linstow, 
1873) 

EchmoMoma cinetorchis Ando and Ozaki, 1923 
Echinostoma ilocanum Garrison, 190S 
Eckinotloma melis (Schrank, 1788) Dietz, 1909 
syn. E.jass'/ense (Leon and Ciurea, 1922) 
Echinostoma lindo&nse Sandgroundand Bonne, 
19-10 

Echinostoma macrorchts Ando and Ozaki, 1923 
Echinostoma malaijanum Leiper, 1911 
Echinostoma revolulum (Frolilich, 1802) 
Eurytrema pancreatieum (Jan^on, 1889) 
Fasciola gigantica Cobbold, 1855 
Fasciola hepalica binnasus, 1758 

*Fatriolopsia buski (I^nkc'-tcr, 1857) 

(lastrodtscoldes hominis (I/ 2 wis and McConnell. 
1870) 

Uaplorchts microrckia (KaUuta, 1932) 

rt. t t , /» 


PsUiolOKient De<ieiinlion for Infection 
with tliH l“'ira>ile> 


fft'-cio!ia«!s hepatica or f-heep 
liver-fluke infection 
fa«ciolop‘-i3«i« or giant mfc-ti- 
nal fluke infection 
Gasirodiscoidcs infection 


• rr.i.. I f 1 - o 


Httcroph'jcs infiction 
Hflrrophi/cs infection 


minutus Katsuta, 1932 
Mftngonimus yokogmcai Kat«ura(la, 1912 
*Op{tlhorchts fehneus (Itivolta, 1884) 
Opinihorchis notcrca Braun, 1902 
Opigtkorchis t'licrrtni (I’oincr, 1SS6) 
*P(iragonimus ire^fcrmnm (Kerl>crf, IS7S) 

• 15) 

141 


Mflagomrnus infect ton 
opi«tlinrclu.i«i'« 


fwr.aponinjw'-J' or pulninnar^’ 
di'tomia*!'' 


*Miiitotomn hTtwilohiutn (Bilharz, 18i2) 


'•cln'tn-.nmia-i> Ihivi-' 
«rlii'ln'*»iiu'V'H li.Tmalutua 
M~iral or llrlIllr^ -clii^ti*- 


•''chiitoroma jnponicum Knt«urrt«N, 1901 


Miiiiin'i' 

jclii'tO'omii'H J91>"iiic.n 


' lornicJ liy the ii<|.iilioti of •'it'K,” c>r»t tiimnol '«««<.” 
'"I'liring BCrix-mcnt of Iho i‘r'ocic« nnmp in ra«o ihc latter 
lioin tho t^hriioal fitli'ilosirnl •Ii*«iCTati'»n l« U-C"!. 

IfTtnt arr n<rf ripil'iittnl 
t \pri.lorital fir fv iic|c>.|>nnk>itc« 

* l'«itTin)nii liflniirith mfoclioo' of niao 


lo tlic rt>ot of tin- roim* ri*o>o »’ 
an I i.T tlif r'ff' ‘['f' 

Atid I- I'fni'lo'J lir' 
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KOMENCLATVUE OF HELMINTH FMIMHTES 


ratholucirnl tV* ncnstinn fur Iiifrrliun 
Namr of 1‘araaitr «ith Ihu I'arBrilri 

*Schislosoma vxansom Pam5)on, 1907 f>chl‘‘to‘-omia'«is mftn''Onl, Man- 

Min'f 

Schistosoma spindale MniiRomcrj’* 1900 
Stcllantchasmus amplicorcalis KntMJia, 1932 
StcUantckasmus fakatus Onji and NMiio, 1010 
Stcllantchasmus formosamts KatMita, 1932 
Troglotrema snlmincola (Cliapin, 1920) 
ll’flfsonius w'ofsoni (ConyuRliam, 19(M) 


Ckstoidea 

llcrtiella studcn (Illaiiclianl, ISOl) 
liraunia jassijcnsis L^oii, 1908 
Digramma braum (I/on, 1907) 
Diphyllobolhriuni cordalum (Lcuckart, ISCkI) 
DiphijUobolhnum houghtoni Cani|>I>cll 

ami Kc11o;;k, 1929 

*DiphijUobothrium latum (Linn., 17.>8) 
Diplogonoporus grandis (lllancliaftl, 1S91) 
DipyUdium cnmniiw (Linn., 17.>8) 
Drcpanidotxnia lanccolata (Hlocli, 1782) 
•AVAinofOfCTM ffrann/o^ns (BaUch, 1780) 


//t/fHcno/fpta (limjrtHM (Un<!., 1810) 

•//ymffio/cpis nana (v. Picliold, 18.')2) 

Incrmicapsifcr atbcttsts (Kouri, 1939) 

Ligula intcslinalis (Goczc, 1782) 

vanabilis Mueller, 1928 
Multiccps glomcratus Bail, and Ilonr}*, 1915 
Midticeps mulliecps (I^ke, 1780) 

Midliceps scrialis (Gen'ais, 1845) 

Raillietina asiatica (v. Linstow, 1901) 
Raillietina cclcbcnsis Janicki, 1902 
Raillietina gamsoni TuhanKui, 1931 
Raillietina madagascaricnsis (Davainc, 18<»9) 
i?ni/(iefina quitensis L A. I>^on, 1935 
S;M7r^anum baxleri Pambon, 1907 
*Sparganum mansoni (Cobi)old, 1882) 
Sparganum mansonoides (Mueller, 1935) 
Sparganum prohferum (Ijima, 1905) 

Tamia aSricana v. Linstow, 1900 
Txma fon/««a Ward, 1890 
*Tamia saginnta Goczc, 1782 


cModiaMs or tajKjwonn infec- 
tion 


l)road fidj ta()CW()nn infection 


hydatid cy^t. Echinococcus 
disca-^, ccliinocorcia«i« or 
ecliinocoecoM** 

hymenolepia*!'* fliminuta or 
rat tn))e\\orm infection 
hyinemdepla'^i'* nann or dwarf 
taiKwnrm infection 


»-par};aiiia''i'' or .sparj;oiio~i' 


ta'nia'iis paginata or beef tape- 
A\orm infection 


' Formed by the addition of "lasii ” or at timo^of “ostV fo the mot of the KeniH name and 
requiring agreement of the apecies name in ra!* the latter h an adjective For the rarer in eo 
tions the tcclinical pathological designation w acldom u’sed, and is consequently omitted tier 
Palhological term* are not capjlaltzal 
* Common helminth infections yf man. 
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I’stholnex'al Dmien^lion for Infrrtion 
Name of Parasite «;th (hi« Parasite' 

*Txn{a solium Linn., 1758 solium or jwrk tape- 

wonn infection 

Txnia txmsformis (Batsch, 1780) 

Nematoda iicmatodiasis or roundworm 

infection 

•/IcnrtfAocAci/oncma persfans (Man<!on, 1891) Acanthocheilonema infection 

v4fan</iocAei/o«enia streptocerca (Maefic and 
Corson, 1922) 
fAgamomennis spp. 

*Ancylosloma braziliensc de Faria, 1910 

•/lnci/?o$foma duodennle (Dubini, 1843) ancyIo'«tomw'«is 

^IncT/fosfomn mnlayanum (Alossandnm, 1905) 

Mscons /lifTihricoidcs Linn , 17.58 a^caria^s or larjic roundworm 

infection 

CapiUaria hepalica (Bancroft, 1893) 

Dioctophjma renale (Goeze, 1782) 

Dirofilaria louiswnenns Faust, Thomas and 
Jones, 1941 

Dirojllarta magnlhaesi (Blanchard, I89<>) 
i)iro/tfflrja repens Railliet and !Icnr\', 1911 

*Dracuneuhii mcdtneneis (Linn , 1758) dmcunculosi< or drncontm«is, 

Mefiina wonn infection 

*EnlcTobius temicwfarij (Linn , 17.58) enterobiasis, o\j'iinasis, pm- 

wonn or '■entworm infection 

Gnnthoitoma hispulutn Fodtscli , 1872 
Onnlhodoma spimgcrum Owen, 18.30 
Gongyloncma pulchrum Molin, 1837 
Ilxmonehus eonlortus (Bud., 180.3) 

Vlcterodcra mariom (Cornu, 1879) 

Lngockilnscam minor (Ixiiiwr, 1909) 

•l^n Ion (CoblK.ld, 1804) I'Kiiasis or Loa mfeclion 

.IftineonWfn ozzardi (Manson, 1897) 
iUm'rfocimM dijdo/iis (v Linstow, 1900) 

Mclnstrongylus clongatus (Dujardin, 1&15) 

*.\'rcalor amcricanus (Stiles, 1902) ner.atorwMs rir “imnnan.'i'is” 

OcsophagoMomuvi apw^tomuni (Willacli, 1891) 

Of^nphngodotnum stephano^tomum, var f5<>- 
m«ti Itftil nnd Henr)’, 1909 

•Onrtoffrra i-o;™;!., (Ix'uckart, ISil-!) (inclumroa.I. or i.mliororr,^ 

•.IS 

OstcTlng\fi o«ferfrit?i (Stiles, 1892) 

Pbl/snloplcra cnucruicn \ Lmst , 1902 
illhalxlilis /lominis Kolia).a.«lii, 1914 
f/f/inWift* nirl/yi (Blanelianl, 188.5) 

]Rhal<litlt ]kUio (Sclineider, 1800) 


* 1 ormrsl fiy tlip a.lilitinn «if "ivi* ' 
KS|iiirihK nerty tnent of tho aixs-Kst nsi 
liKin il,,. tryKniral IntliotoB'rnl «l<.»ilti 
I'tilluJoffifal trrmt art n«f 

t Arrulpnial <,r |M.Tiil».pyra.Mt<.s 
Cotninoi, firlminlli tiifM-liooy of n 




NOM?:NCLATUnE OF HELMINTH VAUASITES 


()8 


Name of I’arasile 

^Strongyloides stcrcoralis (Bavay, 1876) 

Syngamus laryngeus Railliet, 1899 
Syphacia obvdata (Rud., 1802) 

Ternidens deminvtus (Rail, and Henry, 1905) 
Thelazia cahfornknsis Kofoid and Williams, 
1935 

Thelazia calhpseda Rail, and Henrj', 1910 
Toxocara cams (Werner, 1782) 

Toxocara cati (Schrank, 1788) 

*TnchincUa spiralis (Owen, 1^5) 
*Trickoc€phalus Inchiunis (Linn , 1771) 

Trichoslrongylus axei (Cobbold, 1879) 
Trickoslrongylus cohibriformis (Giles, 1892) 


.strongyloidiasis or strongy- 
loidosis 


trichinelliasis or trichinosis 
trichoccphaliasis or trichurU 
asis 


Trichoslrongylus f'ltnnus Looss, 1905 
^Tttrbalriz aceli (Mueller, 1783) 

^Tylcnchus dipsaci Gervais and van Bencden, 
1859 

*ir«cAcrerio bancrofli (Cobbold, 1877) 

iruc/icrena malayi (Drug, 1927) 
Acanthocbphala 

Maeracanthorhynchvs hirudinaccus (Pallas, 
1781) 

Moniliformis moniliformis (Bremser, 1819) 
IIlRUDlNEA 
Limnaiis nilotica 
Ilsmadipsa spp , el al 


filanasis bancrofti or Ban- 
croft’s filariasis 
malaynn filariasis 

ncantliocephahasis 


hirudiniasis or leech infestation 
internal hirudiniasis 
external hirudiniasis 


' Formed by the addition of ‘‘lasis,’ or at times of ‘osis,” to the root of the genus name and 
requiring agreement of the species name mease the latter isan .idjective For the rarer infcc- 
t ions the technical pathological designation is seldom u'led. and U consequently omit ted here 
Pathologxral terms are not eapilahzeed. 

'Common helminth infections of man 
t.\cridental or pseudo-p.iraMtes 



SECTION II 

THE PLATYHELJIINTHES OR FLATWORMS 


CIIAITER VIII 

THE I'EATWORMS AS A GROUP 

GENERAL CONSIDERATIONS 

Lixx^kus (1“.)S) and bioloRtsts of his day referred to all metazoan orf^an* 
Isms which were more or less worin-Iike at one time or anotlier of their life 
eycle as Vermes or “worms.” More strictly speaking, the term “Vermes” 
has come to he utilized as a group name for all flatworms, roundworms and 
annvlitls or scgmeutwl worms, each of which group constitutes a tlistinct 
Iihyhim of the Animal Kingdom. Of these three ph\la, the most simple in 
organization aixl that nearest the arehcts'jie of the bilaterally s\ inmetn'cal 
Metazoa is the group of the flatworms or Platyhelminthes. 

The Platyhelminthes comjirisc all of those species of worms which are 
bilaterally symmetrical and which are usually compresst'd dors(Mcntrall.\. 
There is no bo<ly cavity in the definitive stage of the organism, tlic sjiaw 
being filled with sjinngj undifi’erentiate<l |)arench\ matous colls Tlie 
nervous sjhtem consists of paired ganglia with transverse commissures 
near the anterior lyid of the worm, constituting the wntral coiirdinatiiig 
ner\c center or “brain. “ and lougitmlinal nerve trunks arising from the 
“brain," proceeding botlumtcHorwards aiul imsterlorwards, witli terminal 
ncr\e endings. Some memhersof this phylum are diar.icterized h\ having 
n single gastric cavity, which, if present, onllmirily terminates blindi.v 
without an anus. .\ll flatworms possess n bilaterally symmetrical e\eretor.\ 
s\ stem, consisting of a bl.iddcr {orprimitivcl> twinned bl.'idders). colloeting 
tubules, capillaries and terminal “llame-celU” or .'iolnitirt/tr.r. The “flaim- 
(rlls" arc so designated because the.' , as tbc terminal eidls of the eapillanes. 
are eadi prinidtsl with a gnmp of vibratile cilia, wludi lie within the 
enlargiil termini of the eapdlaries ami beat in uniMui so as to gi\e the 
apjii-araiiee of a (lirkering camlle flame. In the absence of a eircul.itorx 
system (e\<vpt in the group of the neinerteans) the exeretorN sx.stem ciireN 
for the elimin.itioii of nil luiuid and gaseous wastes fnmi the intimate tissues 
of the IhhIv. 

'llie sexual organs of the Platyhclraintbes call for special ^uisideRition 
Tbe\ are eomplinitnl and (smsist of IkuIi priinarx and seeond.nrx organs 
of both sexes. I'sii.alb laith sexes are cximbimxl in n single organism, wliidi 
is rons(xiiientIy bemiaphroilitic. Kadi organism is thus self-suflieient in 
the pisKliirlion of fertilizisi eggs. In the majority of the liipeworms the 
ImhIv is ■•scginciitis!" and each “s<.p|jrnt'' (i. r.. jiroginttid) carries a 
csiinplele set of male ami feni.ilr rtpnKhirlisr organs. In a few genera 
iDipuli'Inifi, l)i]>!'>i«/liilhnu. /b/.f<'>y*mo;ii»rii*) there is n double sd „f 
r» pnsliietixe «>rgaiis in e.ub pnsglottid. In ndilitinn to bisexual pniji.ign- 

tfo) 
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tion, other metliods of reproduction may be intercalated, as, for example, 
budding in the Turbellaria and cestodes, and parthenogenesis or other 
sexual processes in the treinatodcs. 

Development may l)e direct, ns in tlie ease of certain Turbellaria and 
ectoparasitic trematodes; or it injiy require a larval stage \\ith incomplete 
metamorphosis, as in the Asphlogastrca, or with mcjre complete meta- 
morphosis, as in the cestodes; or it may consist in an alternation (;»<■/«- 
genesis) of three or more distinct generations, as in the endoparasitic 
trematodes, 

Tlie phylum Platyhelminthes is usually divided into four classes, the 
Turbellaria, the Trematoda, the CestoKlea and the Xeincrtea. The last- 
named group consists almost exclusively of free-living forms, possessing, in 
addition to a circulatory system, a conspicuous proboscis and ari anus. The 
relationship of this class to the other members of the phylum is still ques- 
tionable. Some zoologists believe that the Tcmnoccphalida constitute an 
interme<liate group hetween the Turbellaria and tlie Trematoda, while 
others, including Hyman (1047), consider them to he rhahdocele tiirhel- 
lariana. 


CLASSIFICATION OF THE FLATWORMS 

I’hylum Platyhelminthes Gegenbauer, 1859. 

Many-cclled invertehrato animals, usually leaf- or tape-Ilke, rarely 
cylindrical; bilaterally symmetrical; with three cmi)r.vologlcal layers; 
alimentary canal, when present, single, <»rdinarily without an anal open- 
ing; without a body cavity , e.xcrctory system provided witli flame-cells 
(solenocgtes) ; primitively with ciliated ectodermal covering. 

Class I.— TunnEi.L\nt.\ Kbrcnberg, 1881. 

Mostly free-living organisms, only a few species being com- 
mensals or parasites; ImkIv covered with cilia; witli or without a 
sucker; circulatory system lacking; development usually direct, 
without metamorphosis; reproduction licrmnphroditic. 

('lass II — Tre.uatod.\ Uudolphi, 1808. 

Exclusively parasitic organisms; adults covered with a n(tn-cili- 
ated integument, cinntc<l epithelium confined to larvre (inira- 
cidia) hatclied from eggs; suckers almost ahva\ s present; circula- 
tory system lacking; alimentary canal present except in the 
sporocyst generation of tlie Digenea. 

Class III.— Cestoidea (Rudolphi, 1^)8) Euhrmann, 1931. 

Exclusively parasitic organisms; adults hermaphroditic, covered 
with a non-ciliated integument; ciliated epithelium when present 
confined to embryos hatchet! fn>m eggs; scolex provided \yith 
suckers and frequently with booklets; circulatory system lacking; 
no alimentary canal , body (sirobUa) in almost all species divided 
transversely into "segments” (i. e., ■progloiiids). 

Class IV.— Nexiertea von Siebold and Stannhis, 1842. 

Almost exclusively free-living organisms; body covered with 
cilia; with a proboscis and an anus; circulatory system present; 
animals mostly unisexual (*. e., diecious); reproduction direct or 
w’ith a larval stage. 
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Since only the trematodes and cestodcs are parasitic in man, attention 
will he directed in the following pages to these two groups. 

The relationship and theoretically common origin of these four Class 
groups r)f the Phylum PJatyhelminAes are .schematicalJ.i' reprcscntc(] in 
Fig. 1. 


DIGENETIC TREMATODES CESTODES 



1 10 1 SynnptiP diiRnini of tlw oriiriii ■ml reUnun-liK) of thp 
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THE TREMATODES OR FLUKES. STRUCTURE AND 
LIFE HISTORY 

GENERAL CONSIDERATIONS 

The trematodcs or flukes are Platyhelminthes wliich arc true parasites 
during a very large portion of their entire life. They derive their name from 
the fact that they are usually provided with conspicuous suckers (e. g., are 
“pierced with holes,” from the Greek, rpt]naTuhi}%). There is almost a 
complete series of forms, represcntc<I, on the one hand, by those species 
which are wholly ectoparasitic on aquatic hosts and, on the other, by those 
species which have come to reside in the portal blood stream of vertebrate.s 
and are most intimately dependent on the particular host in which they live 
for their existence. Intermediate in tlic intimacy of their parasitic relation- 
ship are various species attached to the gills, l>uc«d cavity, urinary bladder 
or intestine of their liost. Species which have attained only a .superficial 
or ectoparasitic state of parasitism have a relatively simple life cycle, 
without alternation of generations; they are known ns tlie Monogenea, or 
monogenetic forms. TIic Aspidogastrea also belong to this category. On 
the otiier hand, species which have developed a more intimate type of 
internal parasitism liave become involved in a complicated life cycle, with 
alteration of generations; they arc known as the Digenea, or digenetic 
trematodcs. All of the species parasitic in man belong to the digenetic 
trematodes. 

STRUCTURE OF THE ADULT TREMATODE 

The adult trematode is usually visible to the naked eye. It probably 
lacks a true epidermis and is covered witli a protective integument, the 
cuiicuh, which is usually provided Avith scales or spines and is secreted by 
the under-lying layer of cells, the ApiwderwM.Beneath the hjTJodermis there 
are a transverse muscle layer, a longitudinal vuiscle layer and oblique muscles, 
while essentially undifferentiated parenchyma cells provide a loose matrix 


around the oral openings, and in most species there is at least one secondary 
sucker or acetabulum on the ventral surface of the fluke. In some instances 
this secondary acetabulum is much more conspicuous than the oral sucker 
In the majority of species the oral sucker is situated at or near the 
anterior end of the body, however, in one group, the Gasterostomata, the 
oral opening with its sucker is mid-ventral in position near the equatorial 
plane. Within the oral sucker there is a pharynx (muscular in most species) 
which, in turn, usually leads into an esophagus. The esophagus bifurcates 
anterior to the middle of the body to form a pair of ccca. These latter, after 
bending outwards, proceed posteriorwards to the subdistal region of the 
Avorm. AA’here they end blindh'. Exceptions are found in a few genera, as 
( 72 ) 
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for example Bnljourxa, nhich possess an anal opening. The eecn may ho 
simple {Chnorchis) or branched (Fasciola). They may even unite behind 
the middle of the body to form a single median stem (Schistosoma). 

The nervous system in the digenetic trematode (Fig. 3) consists of paired 
ganglion cells with a saddlcdike series of commissures dorsal to the pharynx 
and three main nerve trunks on either side, the dorsal, lateral and ventral 
trunks, extending anteriorn'ard on the one hand and posteriori ard on tlie 
other. Around the anterior end of the body there arc numerous sensorx 
nerve endings and in some groups, particularly in the lar\al stages, “cnc- 
spots” are present. j\Ielanoid pigment may be found in the tissues sujier- 
ficial to the nervous system during the larva! stages. 
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Tin: THEMATODns on fluked 


The excretory system (Kig. 4) consists of a median, posteriorly disposed 
bladder, which opens through an excretory pore guarded by a spliincter. 

On its anterior aspect, usually anteriolaterally, tlie bladder receives a 
pair of collecting tubes, winch, upon being traced forward, will be found to 
branch in a precise manner. This branching may occur once or even .se^ cm) 
times, until the ultimate aipillaries are readied, each one ending in a 
“flame'cell” or solenocyte, which is analogous and possiblv homologous to 
the protonephridiurn of the vertebrate body. The pattern of tlie excretory 
system is an exact one; it is always the 
same for the same species of fluke; it is 
always reducible to a “least common 
denominator;” it differs in different 
families but is usually tlie same in closely 
related species. It is, tliercforc, an iin- 
IMirtant structure in determining tlie 
rclationsliip of species and of larvae with 
adults. Thus the miraeidiiim of most 
flukes (Pig. 7) lias a single flamc-ccll on 
each side of its body; tliat of the blood 
flukes (I'ig. 23) 1ms two such flnme*cells; 
and that of the Aspidogastrea Ims three. 
The fundamental flame-cell pattern of a 
given trcinatode speciw can most readily 
he stiidie<l In the eercannl stage, where 
the system is not ordinarily masked 
by opaque tissues or cell inclusions. In 
the corcaria of the human blood flukes 
there are one anterior and one posterior 
pair of fJamc-eells on each shlc of the 
ImkIv. As the ecrcuria develops into the 
lulult treniatode the flame-cells multiply 
many times by a dichotomous division, 
so that the total numher of such cells in 
the adult is an e.xact multiple of those in 
the ccrairia. Thus, the fundamental 
flame-cell pattern for the human blood 
flukes may be expressed us: 2[(1 + 1) 

+ (1 +*!)] or 2[a + $], where the 
figure “2" represents the bilateral con- 
dition, "a” the anterior and “/5” tiie 
posterior group of cells. 

In addition to the primarj' excretory si'stem which has just been de- 
scribed, some trematodes, particularly the strigeoids, have an accessor) 
excretory system, which is especially prominent during the enc) sted meta- 
cercarial stage. . • r j 

A lymph or rasendar system, consisting of two or four main longitudinal 
trunks and multiple ramifications, has been described for severalgroups o 
monostomes and ampliistomes (Looss, 1902, 1912; Stunkard, 1929, niile), 
1930). This system apparently develops (during the enc\sted meta- 



Fia. 4 — Excretory system in 
the adult Dieroeaehum W, excre- 
tory bladder; c, capillary; rf, ex- 
cretory tubule, fc, terminal ‘’flame 
cell” or solenocyte. (Original.) 
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cercarial stage of these trematodes) from the fusion of previously separate 
spaces in the mesenchynia. The rami and trunks transport nutriment from 
the intestinal ccca throughout the hotly, hut especially to the organs of liigh 
metabolic activity, as the ovaries and testes Students of thii system 
regard it as having considerable pin logcnetic significance 

The most conspicuous and most complicated organs of tlie adult trema- 
todc are the generative or reproductire 
organa. All species of human trema- 
todcs except the blood flukes are her- 
maphroditic. Originally there was 
reciprocal copulation and many of the 
species still have provision for this 
process., but the great majority of the 
forms which have been stutlied depend 
on self-fertilization. The process can 
l>c better understood after the genera- 
tive organs )>nvc been described 
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, cirrus orjtaii, c*. c«riu- -«v. v- - - - • 

inn! vesicle, t. leslit: «<. otiur ulenne IoIk* (mrtmirr 
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frequently^ tlicro is a niuscufar cirrua organ (r) just witliin tlie {'euital 
ntrium. The seminal vesicle, prostntc gtands niul cirrus orpan, if present, 
are usually enclosed in an cnvelopinp eiVriw (m). In the case of multiple 
testes (e. <j., Schiatosumn) there is a vas cfTercns for each testh. The 
apermalozoa which are produce<i liy the testes pass up the ducts to the 
seminal vesicle where they arc tetnporarily stored. 'I’hey the!j pass out 
into the genital atrium igti), tlienc** up the uterus, jjroeeeding through the 
ootype to tlie seminal recejitacle, which constitutes the sijerin reser\oir of 
the female system. In a few speei(*s there is no scinirial reei'ptacie. 

The fnnair rcprudticliu' organa (I’ig. (i) consist of a single atari/ (or) in 
which the eggs develop, with its duct, the ovulurt, through which the eggs 
when mature j)ass intf) the ootgiic (oo) orchainher where the nakerl i)vum is 
usually transformed into the ferti(ize<i enciipsulatt'd egg. Tlie o\ary is 
frequently rounded hut may he lohtsl or dendritic. On its way to the 
o()t\j)e the oviduct receives a (‘oinmon vitelline duet (crtl), which ari'Cs 
from tlie junction of a riglit and a left vitelline duct, each trinveying the 
products to tlie common duct from tlic tiltUann, wlueli are usually situated 
in tlie extra-cecal fields and consist of clusters of glandular evils with 
,\ellowish refractive contents. Previous to retvi\ing the common vitelline 
rluct the oviduct has heen joined hy Xheacmina} rrerptnek (r.*) with a dorsal 
outiioeketing. hiurcr'a canal {/y). This cinnl t\ pically ojicns to the dorsal 
surfaee and is helicvcd to represent a vestigial raglna through which 
originally insemination from another worm of the same species took plate. 
In a numher of species I/uircr’s canal is lacking and in many siiccio.s it ends 
blindly w itliout e.xtonding to tlie ilorNal surface. In such ease.^ spermatoroa 
reach the seminal recciitacle only after migration up tlie uterus against the 
outward current of mature and maturing eggs. 'J'he odtyi>e is surroimdixl 
h.\ a cluster of acinus glands, known as Mclilia' glami (Mgl) which are 
commonly referred to ns “shell glands." hut wliich Kourf and Xauss (lOllS). 
in a histological study of this structure in Fasciola hcjxitica, have found to 
hear a striking rescinhlance to the prostate glands. These workers suggest 
that the secretions of iSfehlis' gland are possibly lubricativc in their func*- 

t'um. .Stephen.son (IV17) tent"'*’" ' *' *' ' * 

Originating from tlie .side of 'rat 

(»/). whieh, after a more or I non 

genital atrium (Fig. Ti, ga), whicli opens to the outside through the genital 
imrc (gp). The terminal portion of the uterus is frcxjuently refcrrMl to ns tlie 
vietraienn. 

The process of egg-making, whicli occurs in the ootype, or in the proximal 
segment of the uterus, normally proccctls In the Jiving mature worm witli 
regularity and precision. The mature ovum emerges from the ovar.i . 
passes into the ootype, and is fertilired by one of several spermatozoa that 
have either come in from the uterus or from the seminal receptacle. ^lean- 
while the yolk cells are addcil and the cgg-^hell is secreted. In a critical 
study of egg-sliell formation in Fasciola hcjmtica Stephenson (1947) has 
demonstrated that the egg-shell of this species is derived from basophilic 
globules or granules containing orthodihydroxyphenol and protein wliicli 
are present in the ’.•itelline cells, 'rhese cells |kiss through tJie oot^■pe and 
ina a non-return valve into the proximal portion of the uterus Here the 



STRUCTURE AND LIFE CYCLE 


shelNforming material is set free, the vitelline cells, rich in glvcngeii, become 
arranged around the ovum, fertilization occurs and the fused vitelline 
granules form the enveloping shell. The assembled egg is then forced 
forwards in the uterus and another o\'um comes into the ootype. I’hc 
process is accomplished with the e.vact coordination of a complicated 
mechanism, each part of which operates with rhjthin and bpc(“d sNneliro* 
nized to the whole. The eggs in the proximal end of tlie uterus are neres- 
sarily the youngest, while those in the distal portion are the most mature 
Tile eggs at the time of oviposition have a shell conipused ot .1 fjuinone- 
tanned protein similar to thesclerotinof thecockroacli oothec.i On leacli* 
ing the outermost portion of the ufems the eggs are passt-d th« 

genital atrium and out of the genital pore into the surrounding nu diiim in 
which the worm lives. In order to proceed witli de%cloj)nicnt the\ mu-f 
reach the outside world in tlic hosts’ excreta. 


THE LIFE CYCLE OF DIGENETIC TREMATODES 

The digenetic tremntodes not onI\ have an alternation of gencratnuis 
imcUigaicsi'i) but also an alternation of hostb The host of the generation 
producing fertilized eggs is usually a vertebrate; the mtermediato Im^t is 
iilw'a\ s a mollusc. In addition, there is a ro<juimI second intemirdiate lio'.t 
for many .species of flukes. 'J'liis host is frwpientb an arthropod or .1 lower 
vertebrate. The stage of the life cycle within tlic mollusc has at tunes fjccii 
referred to ns aso.vual, at other 
times se.xual, cither as a result 
of parthenogenesis or of poly- 
cmhryony. The life cjcle of 
this group therefore involves a 
ilofinitivc, egg-laying stage and 
two or more alternate genera- 
tions. h'videncc favors the view 
tliat the generations which 
develop in the mollusc are the 
older, that the mollusc was the 
orlgin.il host, and that infection 
of the vcrteliratc host is a later 
adaptation. On the one haml. 
the uniformity of method util- 
izifl liy the fluke in infecting the 
''iiall and of ilevelopmcnt within 
tlie snail, together with the 
rel.itive eriuilibrium <if niolliis- 
<au host and treiii.itiHle 
‘-ite, and, on tlie other, the 
'aricty of ways by which the 
fhiki* enters its <Iefinite host, the 

'ariityof tissti(>s which it p-iro- mg riiia*tr.rrei«i.r!.uin 
'itiVes and the ^clat^^cdysfnnc- iioneNmJtwi.j-nn'Uiv 

"f till' nn-.t-all S|ipj>,*rt this \iew . an.1 |.n)lif«r,ii»ie r^nn ■ 
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frequently there is n nmscuhir cirrus nrfftiii (r) just witliin the Keihtal 
ntriuni. 'I’lie ^el^inal vesiele, pntstate nnd cirrus orpnn, if prc'ent. 

are usually etjclosed in an envelopiii{;eirri/»Mr (r.«). In therjise of niultiple 
testes (r. y., Sr/ihtowmit) there is n vns efTerens for ejiili testis. 'J'he 
.tprrwtilozw wliieli are i)rodu«ttI h.v the testes pass up the duets to the 
seniinal vesicle where they are teiii|K>niriiy storetl. 'I'hey then pass otiL 
int«) the jjenital atritnn themt* up the uterus, pn«-eislin;:throu;;h the 
pe to the seminal ren-ptaele. whhh tfinstilutes the sjmtiu ns-erMjlr of 
the female s\stem. In a few sjH*eh‘H there is no seminal receptacle. 

'riie/raaf/r rriirtifurtirr nrijitn.t (I'ijr. (•) consist of a single (/mn/ (or) in 
which the e;:ys de\el<ip. with its duet, the ora/ar/, throu;;h wide h the 
when mature pass into the iio////v (fto)orehandH'r where the nakisl o\nui is 
usually transfiirtned into the ferti(i/e<l etu'rtp'ulate'tl e;rir. 'I'he o\ar\ is 
fre<iuently nuuidnl lait may In* IoIhiI or dendritic. On its way to the 
«H)t.\pe the oviduct recriva-s a eoiiiintm vitellim* iluit (rnl), ulilih ari'Cs 
from the junetion of a ri;;ht an<} ti left vitelline duct, eaili ttuiviwiti;; the 
prcMlucts to the f-iimnmn <hict fnun the ri/W/orm, which are tisij.dly situ.ite*! 
in t!u‘ evtnw't'cal fiehls nn<l oui'ist of clusters of j'l.indiilar <rlN witli 
\ellow ish refra<'ti\e nmtents. Previous to rmdvinj: the mturnon \ili-lline 
duct the o\ nluel has Iktii j(dmsi hy the;rr;rifno/ rrrr/j/ur/r (w) with a diJCs-d 
outpoeketim:, hiiirrr'.y anutl 'lids canal typieidly t>pens to thetior^.d 

surface ami is helievtNl to n-ptfseiit a vcstij'l.d rtiyinn throu;;h which 
orif'inall.v itisemination from nnotlier worm of tin* .s;um‘ sfHfii“s took plarr. 
In a imtnhtT of speeie-i Inun-r’s canal is laekincatid In niany.si>cclesit end' 
hlimll.N w ithout evtondin^ to the dorsd 'urfatv. In jiueh easts, sjHTinatoro.i 
reach the .seminal re<rptaele onl.v after miirration up the uterus airairi't the 
cniiward current <if mature and maturing: e^rc'. 'Hie oot\|H' is Mirromahsl 
h\ a cluster of acinus jjl.inds. known as Mrhlin’ ylniitl (.!/<?/) which arc 
e»»mmonI.\ rcferreci tons ‘Shell jrlands.” hut which Konrfnmi XaU's (lIKls). 
in a ldstc)I<i;:ic:d stud.v <if this stnuiiire in Ftixrinhi Ac/»ifini, have found ti> 
hear a striking’ reseinhlaiK'c to (he pnistate ^.daiids. 'Hiese workcr.-i 
that the secretions of Mchlis' phind an* |M»ssil))\ hihrlniliM’ in their fiuie- 
tion Stephenson (11)17) tentatively .siipixirts this as a jHKsihle h.\i>otliesis 
OrijtmatinK from the side of the o«itype op|a»site the nvidm-t is the uUru* 
(i/O. which, after a nmre or I(*ss tortuous cidlinjr. jirocissls to the eommon 
gniilitl alrnnii (Kij;. ffii), which o|H’ns to the outside lhroui:h the yrnihil 
jxirc {yp) 'I’he terminal portimiof the uterus is fritiuentl.v referns! tons tlie 
viclratcnn. 

The pntcvss of ej'^-inakinj;. wldcluHnirsin theo()tyi>e. or in thejiroxiiiiul 
sejunent «if the uterus, normallv proceeds in the living mature worm with 
rejnilaritv and precision 'ria* mature «ivum emerges fn)m the o\arv. 
jiasscs into the mitype, anil is fertiliri'il hy one of .several ‘•permatorea that 
Imve either come in from the uteniscirfnmi the seminal receptacle. ^Ie.m- 
while the \olk cells are added am! the epp-slicll is secreted. In a criticid 
study of epK-shcll formation in Fttsrinln krjtnlictt Stephenson (1017) has 
dcinonstratt“<l that the cpp«shell of this species is lierived fnun hasopliilir 
plohulcb or pramile^ contalulnp ortliodilivdroxyjihenol and protein whieli 
are present in the \ itelline cells. These cells pass (hrouph the oot.v pe and 
cm a non-retnrn vidvc into the proximal |H)rtion of the uterus. Here the 
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shell-fonninf,' material is set free, the vitelline cells, rich in irly lu-t oim 
arranged around the ovum, fertilization occurs and (lie '.itelli'n 
granules form the enveloping shell. The assembled u'_' d" i it it id 
forwards in the uterus and another ovum comes intn tli. i “r' j I I't 
process is accomplished with the exact coordination tif ,i i ‘hiflu iti'i 
mechanism, each part of which operates (\ith rhj thin . 1 -jn >•<' i < ! i - 

nized to tlie whole. The eggs in thepro.xiina! end ol ihi i imi i 
sarily the youngest, while those in the distal portion . I “t ii.’ ’n r i,. 
The eggs at the time of oviposition have a shell eoni.'t - il •' , i < 

tanned protein similar to the sclerotin of tlicaickro.uii uoi’ i . ' 

Ing the outermost portion of the uterus the egg** are p > - 
genital atrium and out of the genital pore into the Muromi 
which the worm lives. In order to procecrl with dt vi I j i n ’ 
reach the outside world in the hosts’ excreta 

THE LIFE CYCLE OF DIGENETIC TRKMATODES 
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The digcnetic trematodes not only have an ali'-niatxiii ol u' ner.iin ii' 
(fftffaffciicw) but also an alternation of hosts Tie lio^t ot tlx gener.ifiHii 
producing fertilized cgg.s is usually a vcrtelmife die iMtdinuii.iti 
iihva.vs a mollusc. Inafldition, there is a rwjnirtd -« mtt m - < 
for many species of flukes. This host i>frc<|iieiirn .»it uin "pi d i 
vertebrate. The stage of the lifecycle within (In moJIu'- ' - > 
referred to ns asexual, at other 
times se.xual, either as a result 
of parthenogenesis or of poly* 
cnibryony. The life c^vcle of 
this group therefore involves a 
definitive, ogg-laying stage and 
two or more alternate gcncm- 
tions. K\ idcnce favors the view 
that the generations which 
develop ill the mollusc arc the 
f>lder, that the mollusc was the 
original host, and that infection 
of the vertebrate host is a later 
adaptation. On the one hand, 
the iiniformit.% of nietliod util- 
iml liy the fhihc in infecting the 
''jniil and of development within 
the Hiail, togotlicr with the 
wlativf (•(uiilibrhuii of molin'- 
o.iii host and (rem.itiNie [mri- 
''*0, and, on llie other, the 
'arjcty of vv.ays by which the 
niike enters its definite host, the 
Variety of ti'sncs wliidi it para- 
'‘jtizos .ami the relative dysfune* 
li'.ll uliicl, i, 

‘ ‘lie ho-.t-a)I siipjmrf tliNview- iimiia-mone r 
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THE TRBMATODESi OR FLUKES 


In order for the fertilized egg produced by the trematode in the body of 
the definitive host to proceed with its development it must reach the outside 
world. I\Iost flukes live in the intcstinn! tract of the definitive host or its 
adnexa. The eggs of those species parasitic in the bile passages reach the 
intestine through the common duct; the cgg.s of the lung flukes may be 
coughed up and either discharged in sputum or swallowed and voided in the 
feces. The eggs of Schistosoma japonicum and S. mansont are expelled from 
the mesenteric capillaries through the intestinal wall into the intestinal 
lumen. Thus, all of these eggs normally escape with the feces. On the 
other hand, the eggs of Schistosoma hxviatobium ordinarily escape from the 
vesical capillaries through the bladder wall into the urinary bladder, and 
are discharged in the urine. . , , 

Some of the eggs, when laid, or at Iccast wiicn discliarged in the host s 
excreta, already contain fully-fonnefl, mature larva;, as, for example, those 
of the blood flukes, Clonorchis, DicrocccUutn and Meiagunimis. Ou the 
other hand, the egg.s of Fasdolopsis and Paragonimvs require a period of 
incubation after leaving the body of tbc definitive host before the> are 
mature. The mature egg, when placed in an isotonic or slightly hypotonic 
medium, such ns canal or pond water where feces may be deposited, usually 
responds by the energetic movement of the larva within, which soon causes 
the shell to open, either by the “popping o(T" of the operculum, “ be 
present, or by a splitting of the shell in non-operculate species. 1 he Ian a 
now escapes into the frec-watcr medium and for a brief period is a freediv mg 


organism. .... / . 

The larva uliich escapes from the egg shell is tlie {p«P«»ov. 

meaning “little boy”). It is a moderately comiilicatcd organism U'lff* {)• 
with a ciliated epithelial layer, a primitive sacculate gut (pg) opening a i s 
anterior end, penetration glands (sg) which are usually pairet , 
ganglia (n), a pair of e.xcretory tubules (et) with flame-cells (jc), an a g p 
of germinal cells (gc) arising from the inner (usually posterior; w a 
coming to lie free in the cavity of the larva. Tliese germ ce s a 
primordia of the next generation. nf 

Tlie hatched miracidhim swims rapidly about in '•rr.rr.'pfli-vtc 

its ciliated rnitheliiim. In the event that it comes within e i ^ 


stimulus, and attempts to penetrate the mollusc- if the 
upon soft tissue, it is able to attach itself and is able to . ‘ 

the tissues of the mollusc by means of its glandular . j'^rfoot 
<>ntrnnr*P mnv ho thrmTtrh flip ffills (Fasciolo) Or by way of the he 


larvfe of these species are provided with cUia mi 
occurs onlv in the intestine of tlie favorable molluscan i ^ 

have been ingested, from xvhence the free miracidnnn penetrates mto 
peri-intestinal lymph .spaces of the mollusc. the iniraci- 

Once arrived wiihin the tissues of the 
dium soon reaches a natural lymph channel an 
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stationed in the head region or may gradually migrate from tlie oral 
towards tlie apical end of the mollusc. Meanwhile it losc:^ its cilia and 
becomes metamorphosed into a simple sacculate object known ns a 
cysl. (In some groups, as for example, the family Echmostomatidze, the first 
generation is a redia.) The sporocj'st 
(Kig. 8) lies bathed in liquid nourishment. 

It performs all of its metabolic processes 
by osmosis through its body wall. It has 
no need, therefore, for the usual organs 
of digestion, secretion, excretion orstimu- 
lation. It is devoted entirelv to the 


fc — 




i priipratiiin (rnlia'I 


Flo 8 

1 JO 8 — r,r*l ((‘‘HFralxin diKonoljc ircnialcxl"? (•‘porwj'*0. v 

1,1 (lie brood cs>,ty: gt. ircrin ccJN, ml, roba (Orieitial ) 
fio. 9 -Fully do>olQpnJ wrorvd p-nrnUiot, of n d,RPn<'U»^ trpmilo<Jo MViml 

(MnrIiaUlorcICKut ((0:^x<'r(‘toryM>.>trm.iiirludini;f1iR>crTll (/O Mfirlorj ’ ,i ,ri.»Moi>. 

Pirrclorj- jiore (pp); bjrth iwrt* (hp); c>aKiii*l<* (prp). crrm rcN< tefJ. 

mtlnr^a; (pcrmrio', err) of Ibo third RpiMT^nlion (Onaiitnl f 


prcKlitetion and developjiiciit of it** progeny (yr). In •^finie '•its KN the ge 
which were first olisemtl in the iniRicklinm ntitl h;»\e ttmtimns} to 
grow ns tlie sjwrncvpt iiiaturt's, develop into a swtmd gemTution 
c.'xts. more or less ‘like the mother sjionKwst. .Such is tl.e case with t u 
intruiuolluseaii penenition of the Irlootl finkes. 1 owevtr, , 
"'••»i‘'rity of human treinat.xles, the sctxMid generation Ih*coiihs m.-hi e^i 
nito u rctl!a (F,>. p). which is pnu-idwl with a pharviix (//A) at»l 
'i'hxl gut (rr). well as a distinct cxm-lory svMem (rt), n 

{xc'teriorly tlistwiscd germinal epithelililil (jc). Nuiie nsliie aN' 1. 
birthlx>re (hp) ninl one ttr even two juirsof cvagimite aiiix-inlages {rrj>). 
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mile most mcdcni investigators are essentialij- agreed that the develop- 
ment of digenetic trematodes within the molhiscan host is sexual in charac- 
ter, various workers favor different interpretations. The bisexual process 
described by Woodhead (J93f) for gasterostojnes possibly represents a 
primitive condition. Parthenogenesis, as described by fennent (1904, 
1000), may have been a later development. The theory of polyembryony 
.sdvoc.ated by Brooks (1930) supports the idea of precocious erowth of the 
germcel'o^''* *•* * . 


sitic inst 
argumcn 



... ....oi ui (fuj^euiuryuny. He states 
that no ON'aries have been acceptably 
fleinonstratcfl in sporocysts or redife 
ami that scattered observations on 
oogenesis have not been confirmed. Of 
all prescntnlay investigators Stunkarci 
(1936) prefers to regard the phenomen- 
on as an asexual one. 

About the time the first generation 
sporocysts have reached the lymph 
spaces surrountling the digestive glands 
of the mollusc, where the maximum 
amount of nourishment is to be se- 
cured, they are gravid with their pro- 
geny, which at times number more 
than a hundred but m.'iy be ns few as 
one. Tlje progeny soon rupture the 
wall of the sporocyst and he free in the 
bmph fluid. Here they develop rapid- 
ly .and their own progen)’ (those of the 
tl\ird generation) begin to take form. 
Tlicse may be a new generation of 
redite, although in most species of 
flukes the organisms of the third gen- 
eration are essentially different from 
those of the first two generations in 
that they almost never develop to the 
adult, egg-laying stage within their 
moUuscati host. Kach one is comnionh’ 
provided with a tail and is knovn 
a ccrcarla, or tailed ]ar%'a (Fig. 10) 
The various species of ccrcnri^ aho 
possess various t)’pes of sccreton 


fta. lO. — C’ercana of Fasetda, shoniagthe dig^stivo and excretory systems The UiEeatise 
gyatem consists of an anterior oral sucker, ^itlun which are found sueces'nvely an oral 
a pharynx, an esophagus and a pair of digeative ceca which end blindly m the subdrttal eo 
of the body The excretory system js composed of a median posterior Wadder. wwb apwe o 
the outside, a pair of mam CoHectjne tubulea. each with four secondary tubules, ter tar> 
tubules, and terminal captllanos, each with a flame cell at its inner extremity (OtiRina I 
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glands for use in penetration and cncAstment, a» \\ell as more highly differ- 
entiated digestive, excretory and integumentary systems. As few as ten 
or twelve or as many as several thousand cercarin? may be produced within 

■' ’ * * " . ' and 

■ ■ ■ * ' pro- 

, ’ • . ; id of 

several months. The cercanai, when mature, escape from their mother 
sporocjsts or redirc, either by rupturing the wall or emerging through the 
birth pore, if the latter be present. By their energetic movements they 
work their way through the enveloping layers of host tissues and finally 
lie free in the cavity between the mollusc and its .shell. Krom this region 

!nm.tDo11aftc*n 


I (3) nlraeldicm n«tARiorpbo*«*— 
InU iporwytt (or redU) 


(J) /reo-rwimnilnr 
mlracldium 
traui mail (or fallr 
embryunatrd egg 
ia lnr«iled by a{M 
propriate mall) 


aporoeyst (orredia) | 
produera a«rond 
ernrraUon (fpon> 
cyata or r«dUa ) 


\ 


(S) arcond rrnefatlon 
omnlam produce* 
third prneration 
tarvi. rercaxia. or at 
time* another yen* 
erailon ol redia- 


(t) ««. prtdufed by 
adolt worm, eecapei 
Into water and 
QtuaJly hatehe*. 
•ettiny tree a <11* 
lated mlracldium 


\ 


(<) eerraria e*eape* 
from moltoae and 
become* a free- 
awlmmlny oryanlam 


(7a) eercarla penetrate* d«flnlti*e> 
hoet and develop* Into * 1 ) 0)1 

\ ■' 

(7b) eere*rl* encyil* (meUerrearU) ' 
Inaecond intertnediatchimt. 
which become* food of the (Inal 
hoft, cnabliny ntetarerearia to 
develop to adult Indeflnlllye 

hoe) 

r tlinyrnm of the life O'")** » diwnetie lir 



tlic\ c'eaiiefroin tirneto time into the nnter in which the mollusc lives and 
ftir a brief periisl are e'sentiall) free-Ii% iiig org.iiiisms. 'J'here is (siiixiderablc 
cMtlems' to support the view that first peiieration siMinH*\sts t\pieall\ 
tlixch.irge llieir progeii) esscntwH.' at one time and then file, but th.it 
mail) stttmd geiienition firg.inisins (i e.. s|K»roe)s(e nr rtsll.T) mat 
t'ont iiiuf to live and iirodtire prtrgeny o\ern |H’ri«Hl of months, even though 
III viiiie cases tlieir IkmIv wall niaj Ih* Ihitlly d.nmagisl by the eseuphig 
progeii) 

The frt'C-switnming crrearl.t swims nlmitt m the water by ineriiix of its 
tail In the rase of trrniri.T with a bifitl tail, tliecatid.'d t>rgari pmssles the 
Ixah during the art of swimtiiiiig, in all other tsTtuna* the ImkIv pn-cttles 
fhi tall 'Hie (s miria tinv attiu I) (l*<’lf bv its vuektrx to the r «ide of 
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the surface film of water or it may sink to rest at the bottom of tlie water. 
Sooner or later, usually in twenty-four hours or less, the cercaria must effect 
measures for active or passive entrance into its definitive host. The blood 
flukes actively penetrate the tissues of their final host; all other flukes of 
which the life histories are known enter their final host passively, utilizing a 
second intermediate host or vegetable tissue or at times even the same 
molluscan host, in or on which to encyst and await transfer. 

Practically all cercarire are provided with unicellular secretory glands 
(the so-called cephalic, histolytic, or penetration glands) with ducts opening 
in the vicinity of the oral sucker. These glands secrete a lytic substance 
which digests host tissue. In the cjise of the blood flukes this secretion 
enables the larva to enter its final host; in the case of Clonorchis, Metagoni- 
nuis and Paragonimns, it enables the cercaria to penetrate into the tissues 
of a second intermediate host. In many other cases, however, as in Fasciola 
and Fasciolojisi^, these glands, although present, apparently do not function 
successfully. The majority of cercariie are also provided with cystogenous 
glands in the mesenchyma, which arc packed with milky granules. After 
the cercaria has been free-swimming for a longer or shorter time in the 
viilien these granules swell up with water and arc secreted as a viscous fluid 
through minute pores in the integument. Meanwliile the tail is discarded. 
The cystogenous substance “sets” in the form of an enveloping cyst- 
membrane around the dccaudated larva. The blood flukes lack these 
cj’stogenous glands. Encystment of those species which ncti^’eJy penetrate 
a second intermediate host occurs only after partial penetration of that 
host has taken place. In other cases it occurs very soon after the cercaria 
has emerged from its molluscan host. In certain cases, where the molluscan 
host is the food of the definitive host, the cercaria encysts within the 
mollusc, and a few cases are known in which the cercaria even encysts 
within its mother. Thus, these two types of secretory glands (lytic and 
cystogenous) serve either singly or hi cooperation in terminating the free- 
living existence of the cercaria. 

After the cercaria has dropped its tail, and has citlier penetrated into its 
definitive host or lias become encysted, it ceases to be called a cercaria and 
becomes the meiacercana, which includes tlie period between the cercaria 
and the adult. It is also referred to as an adolcscnria. This stage in the life 
cycle of the blood flukes covers the period from entrance through the skin 
of the final host to the maturity of the flukes in the portal blood stream ^ It 
is both a period of migration and of development. In those species w-hich 
utilize a second intermediate host there is a passive incubation within this 
host, followed by a period of migration and development. Those species in 
which encystment takes place upon plant tissue {Fasciola, Fasciolopsis, 
etc.), differ from the latter in that the passive period of encystment is not 
one of groa’th for the mctacercarla. 

Unencysted metacercariie usually cannot pass through the gastric secre- 
tions of vertebrate hosts and live. On the other hand encysted forms are 
uninjured by their passage through the stomach. On arriving in the 
medium of the intestinal secretions of the appropriate host, the cyst 
membrane is digested off or breaks down from the movements of the con- 
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tnincd larva, the inetaccrcaria emerges an<I migrates to the place of its 
adult residence, «liere it develops into the adult worm. 

The life cycle of the digenetlc trcmatodes is epitomized in the synoptic 
diagram on page eighty-one (Fig. 11). It is more specifically illustrated 
for three tjpes of human trematode infections in the following Figs.: 
Schistmoina jajxmicum, Fig. IG; Fasciolopsi* buslci, Fig. 79; Clonorchxs sin- 
cn.fh, Fig. lOG. 



CHAPTER X 


THE TREMATODES OR FLUKES. CLASSIFICATION 

THE BASIS OF CLASSIFICATION 

The trematode group is a very large one, comprising several thousand 
species whose relationship to one another is as yet imperfectly understood. 
For this reason any classification of the group is admittedly unsatisfactory. 
iMuch of the difficulty is due to the fact that, in the past, descriptions of all 
but a few species have been based exclusively on the morphological charac- 
teristics of the adult generation, without considering the life cycle of the 
organism in its entirety. Furthermore, the recogni2ed classification adopted 
by systematists and commonly found in older text-books is confined to the 
external features and the reproductive organs, frequently of preserved 
specimens only. Within recent years an attempt has been made to find 
other constant structures which might he relied upon to determine the 
relationships of the various species. 

Much has been learned from a study of the life cycle of some of the flukes. 
For example, although the specific or generic modifications of the reproduc- 
tive organs of the adult worm cannot be recognized in the sporocyst, redia 
or in the cercaria, the excretory system, with its tubules, capillaries and 
flame-cells, has been found to have a relative constancy throughout the 
entire life cycle. Although it may be more highly elaborated in the adult 
than in the sporocyst, redia or the cercaria, the fundamental pattern is 
essentially the same. Cort, Faust, I.<aRue and other workers have empha- 
sized the importance of this system in determining the relationship of the 
cercarial, metacercarial and definitive stages of the various species. The 
excretory system is even now of considerable value in discovering the super- 
famil\’ and faraib’ of many larval forms, although in several of these groups 
as presently constituted difTcrent types of excretory patterns occur,— a 
situation which forces the phylogenist to assume that convergent e\'oIution 
has produced phenotj-pes from a number of originally different groups. 
Unfortunately the excretory system in most trematodes can be studied 
satisfactorily only in living material, and then only in species sufficiently 
transparent to permit the investigator to observe the various parts of the 
system in a fluke compressed under a microscopic cover-glass. Other struc- 
tures of an ephemeral nature, such as the penetration glands of the mira- 
cidia and cercarifE, are also frequently serviceable in group diagnosis during 
the larval stages, but these structures are lost during transformation of the 
cercaria to the adult worm. 

While an artificial system of classification has almost nothing to recom- 
mend it, a natural system based on fundamental relationships is of the 
. • - ...... ,, . narticu- 

■ placed 

■ c infec- 

tions is sufficient proof of the desire for a dependable system ot classifica- 
(&i) 
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species uliicli are not parasitic in man. Fortunately for the student of 
medical zodlo^^j', the majority of the itpportant trematode parasites which 
infect man have been made the subject of careful in\estipation, so that 
their life cycles arc for the most part fairly well understood and their rela- 
tionships to the class of trematodcs as a whole fairly well dcterminc<l. 

OUTLINE OF CLASSmCATION 

The classification presented here is an adaptation of the older system, 
with rearrangements which are necessary because of recent investijjations 
and additions which have to do particularly wit!» the phases in the life cycle 
other than the adult worm. 

The s\ stem has been eIaborate<l only in those orders and suborders which 
contain flukes parasitic in man, but a skeleton outline of the major divisions 
has bc*en included for purposes of comparison. It must be understood, 
however, that no attempt has been inadetoinchuleany of thelarpe number 
of pencra of trematodcs which occur cxclusjxely in lower animals and which 
are not of primary concern to tlicpliysician, sanitarian or medical zoologist. 

CLASS TREMATODA RUDOLPHI, 18C8 

Para‘>itic organisms; adults covcre<l with a non-ciliated integument; 
ciliated epithelium tisually occurring on larva? liatchwl from eggs; suckers 
almost alwnj s present; alimentary canal present e.xecpt in sporocyst genera- 
tion of Digenca. 

Subclass L Monofcnea Csrus, 1863 (sec van EenedcQ 1656) 

(I’ricc (1037) has presenter! c\idencc that van Beneden’s groups “mono- 
genc'cs" and “dIgOnrscs” were einplojcd as common descriptive terms and 
not in a taxonomic sen'se.} 

.Ml ''pccics ectoparasitic or in excretory bladder or respiratory pa'^'-age^ 
of host; hnploT.t (i. e., organs of nttncliinent), consisting of one or more 
sucker., of which those at the i»obtrrior end are jmwcrfully ilevelnpcd; 
cliitinous IitNiks and anchors nlinost always present; oxcretorx' pores 
anterior, «l(Mi!)Ie; development direct, with rclativcl\ simple metamor|iho«is 
and with single host. No representatives In nmn. Kxample: (iiin>dacti,lus 
etc!)nnx \ . .Vortfniann. 1832, on skin and pills of fresh-w atcr fisfi , PoUntcvia 
(FrcH.'hlicli, 1701), in niiiphibiaiis. 

Subclass U. Aspidofastrea Faust and Tanpi 1936 

r.irasitic oti or In tlie soft parts of inoiliivs. ttr in the int(s(ical tract of 
cold-bliHxhtl vertehnitts. PeVi'lopnuiit prol ably always tliriti; larva 
liatrlic*! fnmi cgus liavinp cilivtcil (pitheliiim (i. r , I.uj>htn*j it, with tufts 
of < Mia), nr unriliate<I rpithelitini (i. r , ,l#/«d/y«»frr); adults licnnnphrrdi- 
tir, witli or without nitirnation of hiists. oral Muktr ab'i nt or jwmrl.' 
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<IcveIope(l; ventral suckiiiK orpin a pouerfiil lullicsivc disc, frequentiv 
(livkled into senes of suekiiiK cups; intestine ii single blind sac. Ilasie 
flame-cell pattern of larva: 2(1 -b 1 -f- 1], All known species belong to a 
single suborder, AspidogastroUi Faust, 1932, wliicli has the cliaractcrs of the 
subclass. No human representatives. Kxample: Aspidogasler cortchicola 
V. Baer, 1820, usually found in bivalves (i. c., Lamcllibranchia). 

Subclass m. Digenea Cants, 1863 (nec van Beneden, 1858) 

Almost all speci ’ **" * — - '• . 

or tuo suckers, of ... 

pores posterior, <h 

individuals; development complex, with alternation itf three or more sexual 
generations and alternation of liosts. I^irva hatched from egg Is a ciliated 
miracidiurn. All human trematwles belong to this group. 

[Stunknrd (1940) lias brought forth arguments for the suppression of all 
of the major subdivisions of the <Iigenetic trematodcs, including the orders 
Gasterostomata and Prosostoniata, sniKtrders Monostomata (“mono- 
stomesarcpolyphylctic”), Amphistoinata (“ninpliistoines are distoincs”), 
Strigeata and Distomata, as well ns the superfatnilies within these groups. 
While there may he cogency in some of Stunknnl’s thesis, acceptance 
of his view must he lield sub judicc until cumulative data on the rela- 
tionships of digcnctic trematoiles pnivalenn outline of classification which 
is both pliylogenetically accurate and useable.] 

ORDER I. GASTEROSTOMATA ODHKER, 1905 

Mouth on mid-ventral surface; hnptor (/. c., attaeliincnt organ) anterior 
to mouth imperforate; intestine a simple sac; flame-cell pattern of the 
miracidiurn: incoinplotcly elucidated, i)ossibly 2(1 -f 1]; intrnmolliisean 
stages include sporocyst and rwlla. Cercarlae fiircocercous, with abbrevi- 
ated tail trunk and well-developed furene; in Inmellihranch hosts; ineta- 
cercariae encysted in the ncr\xs, adults present in tlie intestine of fresh- 
water or marine fishes. All known species belong to the family Bucephalidae 
Poche, 1907. No representatives in man. E.xainple: Bucephalus puly-^ 
morphus v. Baer, 1827. 

[Lallue (1920) considers that the ccrcnria of this group sliows kinship to 
the cercarial stage of the Strigeata. {Vide infra.)] 

ORDER n. PROSOSTOMATA ODHNER, 1906 

Mouth at or near anterior tip of body, surroundcil by oral sucker. All of 
the human trematodes belong to this onlcr. 

Suborder I. Mooostomata Zeder, 1800' 

Adults hermaphroditic; no ventral sucker present; flame cells of mira- 
cidium asymmetrically disposed, with a flame-cell pattern of: 2[1]; com- 

> Although the suborder Strioeatv has fundamental characters which justify its recognition 
as a distinct group, certain ‘■distomcs*' have apparently been derived from monos omc 
ancestors, while other "distomes” are probably phylogenetically related to amphistome 
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mon in reptiles and birds, and less frequently parasitic in amphibians and 
mammals. No human representative. Example: Qinnfiue.fcnnlh fiuitirjiir- 
itcriallt (Barker an<l Laughlln, IDl 1) Harwood, 1039, (in cecum of American 
muskrat). 


Suborder II. Strieeata LaRue,1926 

Adults mostly monecioiis but some species diecious; anterior liaptor or 
attachment organ almost always prtKcnt; one or more \entral acetabula 
usually present; eercarial stage with a bifid tail; flatne-<-cll pattern of the 
miracidium: 2{1 + Ij; adults parasitic in fpit, blood stream or upper 
respiratory tract of vertebrates. 

Sri'KRK.KMim STinCKniUKA lUlLlUET, 1919 

Adults hermaphro<litic; bod\ dividecl into two parts, the attterior being 
flatteiusl, incurvtsl, or cup-shapetl, iK'aring the special organs of attach- 
ment, the posterior being more or less eylindri«d. ovoidal or conical, and 
containing the major rKirtion of the genitalia (Kamilics Strigeidae and 
Diplostornatidac), or lacking anterior and posterior ililTerentiation (Family 
(\vathoc'ot.\lidae); genital pore posterior; eggs operculate or with polar 
filament; cxTCuria* with a true oral sucker niul a pliarynx; metaccrcarin* in 
molllls(^, leeches or lower vertebrates, adidts in intestine of Ncrtebrates 
which fw*d on the se<-on<l intermediate host. 

Tijiir Famil!/ srillCEUU: Ufiri 

With the characteristic's of the su|H'rfatnily, and with a distinct wmstric- 
tic>n sejiarating anterior and posterior portions No specit*s re{)orte<l from 
man. Exatiijile: Phou/iiga^tomuni ctinlaliim (Diesing. 18.')!)) (*lurea, 192i 
(in intestine of cat). 

.Sfi'i m cMHA Sr tiisT<»soiHToii»n\ Stilus vnu Il\ss\t,i., 1920 

Ailults moner'itius i>r diecion>i. l»hKM| inhabiting flukes, witlumt miiscul.ir 
phar.Mix. with or without anterior an<l ventnil ntx'talnil.i, eggs n«»n-opercn- 
late; cvrairiie nphars ngeal. w ith anterior sinker pn-ontl in jMisition. sj)eciab 
ireil as an organ of penetnitioii, no eiHSstiil inetaerrearial stage, errearin* 
«>n emerging from molhisc;in host enter defiiiithe hi»st through skin or 
Inimil ea\ it\ 

F,„<nh, SrillSTOSOMATllU: /x-.t., is'rt 

S<"(es si-panite. anterior and ventral arrtahul.i pn-si'ot, inti-stin-'d (x-r-ji 
reunite pisterior to the ovarv to fonn a single stem, p.irasiiie in hi ( ati<- 
iMirlid veins, isival veins nn<l (si!l.iteml venous cirnil.ition of m.nininals and 
hinls. Huinnn r«'iire~<'iitatives. SrhuttL^timn haninUJjiuin (Billmrr, IS.'i2). 

.S. (S<*iisino, ISTti) (?). •S'. Kntsurad.i. IIHII, .S'. viiinf<mi 

.''sunlxm. ninl jwitenti.dlv proluhlv othir sjw-rii-s of this ami nintisl 

p'liera. 
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Superfamily Clino&tomatoidea Dollfus, 1931 

Adults hermaphroditic, flattened, apharj'ngeal, having an excretory 
system consisting of a primary collecting bladder, tubules and flame-cell's 
and a secondary network of ramified lacume; eggs operculate; furcocercous 
cercarias developing in rcdi® in gastropod host; mctacercarire encysted in 
fishes or frogs; adults in the mouth, esophagus or respiratory tree of 
swimming and wading birds and of reptiles. 

Type Family CLINOSTOMATID^. Luhe, IDOl 

With the characters of the superfainily. Example: Clinostomwn com- 
planatiim (Rudolphi, 1829) Braun, 1900, from buccal cavity, pharynx and 
esophagus of herons and gulls, rarely an accidental parasite of the human 
pharynx. 


(Genus Clinostomum Leidy, 1856 
genus from icXtuw, to incline or bend, and ST6^la, mouth) 

Clinosfonmm complanatum (Rud., 1809) Braun, 1901 (syn. Climsiomum 
marginatum (Rud. 1819) Braun, 1899). 

Medium-sized fluke with somewhat flattened body, and suckers near one 
another; oral sucker considerably smaller and bent backwards; pharynx 
lacking, esophagus short, ceca extending nearly to posterior extremity of 
body. Genitalia included within posterior half of body. Eggs large, varia- 
nble in shape but usually ovoldal, with thick shell; mlracidium ciliated only 
at extremities; cercana furcocercous; molluscan hosts: Ilelisoma spp and 
possibly other planorbids; second intermediate hosts: various species of 
fresh-water fishes, definitive hosts; herons, gulls, cormorants, etc., in 
Europe, North America, Japan, Palestine Incidental infections in man, one 
from Japan (Yamashita, 1938) and one from Palestine (Witenberg, 1944). 
Witenberg reported e.xtraction of the worm from the human pharynx 
following expectoration of blood. 

Suborder HI. Amphistoraata (Rod., 1801) Bojanus, 1817 

Adults hermaphroditic, acetabulum highly developed, terminal or sub- 
terminal and posterior to the reproductive organs; eggs operculate; flaine- 
celJ pattern of the miracidium; 2[lJ; adults with or without a ventral 
pouch or disk. 

Superfamily Par-UIPiiistomatoidea Stiles and Goldberger, 1910 

Adults with acetabulum caudo-terminal or subterminal; oral sucker and 
esophagus present; genital pore pre-equatorial ; testes one or two, usuall.' 
preovarial; vitellaria unpaired. Rediie and adults with a basic flame-cell 
pattern: 2[1 -f 1 -f ‘ ^ , .i \ *he excre- 
tory tubules of each o' ■ ■ ■ _ 1C in the 

intestinal tract, rarely , ; 
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Of the six recognized families of thi-> siiperfamily, Paramphistomatids 
(Fischoeder, 1901) Stiles and Goldberger, 1910; Gastrodiscidse Stiles and 
Goldberger, 1910; Opisthalebitid» Fukui, 1929; Gyliauchenid® Ozakl, 1933; 
Cephaloporidse Travassos, 1934, and Microscaphidiid® Travas^sos, 1922, the 
following two contain human parasites. 


Family FARAMPIIISTOMATID/E (Fischoeder, 10<)l), Stiic.i and 
Goldberger, 1010 

Adults without n ventral sucking pouch or di^^k. \ine or ten recognized 
subfamilies, of which a human representative is found in the 

Subfamily Cladorchinte Fischoeder, 1901.— Do<ly not divideti into tutt 
j)arts; oral sucker pro\ ided with a pair of retrodcrsal diverticula, testes two. 
«!eepl.\ cleft. Human representatixe: U’nhomtis iraf^oni (Conyngham. 
19(14) Stiles and Goldberger, 1910. 

Family GASTRODISCID.F Shies and Goldberger, JO/o 

IJody of adult iisuallx llattened an<l <lix ided into a cephalic portion and a 
caudal portion, the latter hi the form of a xcntral sucking disk with m.ui.x 
large papilla* Human rcitrcscntatixc* Gastrodtseoides liominis (l/cwis and 
McGonncll, 1870) Ix’lpcr, 1913 

Suborder IV. Distomata (Zeder, 1800) Leuckart, 1656 

Adults hcrmaplirtKlitic; oral and x'ontral .Mickcrs present; n*produeti\c 
organs (Hiinplctel.x or largclx |K)stcrior to \-cntral sucker; lianu'-cvll pattern 
of the mirncldiumi 2(ll. 'I'he majority of human tremat(Mles hclong to 
this grfiiii» This «ul>or(!er contains maiix thou'yxnds of which have 

been !nore or Ic'S sjitisfactorilx placcxl in family gn)Ui>s 

.Specit's of medical importance fall within the following snperfamllies 

Sci’MiFXMiM I'\'*rit)uui»nx (STii.r:s axii GonnaMtot a, 1910) 
Fai-st, 11*29 

Me<limn to l.irge nukes, priKlndiig l.irgx* <»jMTruI.ite eggs, whidi are 
o\i|MHifed in the early stages of «<*ginciitatioii. Miracidia dexeloping and 
hatdiijjg in xvntcr; w-jth X-t x pe piKmciititl x‘x e-spots; nietnmorphosing into 
sjn)rcM’ysts xxith or withont cecum. Txpicallx two or more generations of 
nsliie. Ort-aria* large, robust, nctixv, gjaniKKcphahms, uith simide tail, 
pnividfsl with ahiindant cystogenous iiinterial, cacx.sting «m x-egclati(»n or 
in fishes, xxhich, when consume*! !»y tliedcfiiutixc host, proxnle n means of 
tratisfer for the mclncx’reari.T and f«ir their subsrfjuenl tfexelopin* at into 
jnatiire wortns lAm-tory bladder primitixTly Y-shap«sl. l.itenil twics and 
j-apillaries with terminal ll.ime relNderixc*! from an ant« rinr nn«l ,i |>o>tcrior 
linJtieli of the I'.iinsl vssitid.irj rollrrting tubules, blaililer and priniarx 
tnhiiles frisjuentlv filhsl xdih i xen lory gniiutles .\i!nlts in s»in|| inirstitie 
and biliarx jwissnges of tiiaiiin».als 
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Type Famiiy FASCIOUD.E Rnilliet, 1S95 

very large, ellipsoidal, operculate; miracidia bilaterally symmetri- 
cal; cercarfe encysting on grass or roots of plants in moist meadows, or in 
fishes. Adults large, more or less flattened distomes, with elongate excre- 
tory bladder reaching nearly to the ovarian plane and with an abundant 
supply of lateral twigs and capillaries supplying the entire body; with ovary 
and testes usually lobed or branched; with a short uterus, entirely in front 
of the ov'ary. Two of the three recognized subfamilies (Fasciolinse Stiles 
and Hassall, 1898; Fasciolopsinae Odhner, 1910, and Campulinas Stunkard 
and Alvey, 1930) contain important human parasites. 

Subfamily I. Fasciolinaa Stiles and Hassall, 1898.— Anterior tip of adults 
distinctly set off from the rest of the l)ody; intestinal ceca profusely 
branched; sporoeyst and redia generations in species of Lymnxa and related 
genera; adults in biliary passages of herbivorous mammals. Human 
representatives; Fascioln hepalica Linn., 1758; F. gigantica Cobbold, 1855. 
A third species, F. jacksoni (Cobbold, 1869) lives in the biliary passages of 
the Indian elephant. Other species, Fascioloides viagna (Bassi, 1875) Ward, 
1917 and Fasciola segyptiaca (Looss, 189G) Sonsino, 1890, occur in the 
biliary tracts of North American herbivores. 

Subfamily II. Fasciolopsinas Odhner, 1910.— Anterior tip of adults not set 
off from the rest of the body; Intestinal ceca unbranched; sporoeyst and 
redia generations in species of Planorbidre; adults in intestine of the pig, 
man, and probably the dog. Human representative: Fasciolopsis bvski 
(Lankester, 1857) Odhner, 1902. Other species of this genus which have 
been described from man are now considered identical with F. buski. 

SirPERKAMILY EchinostomaTOIDE.v Faurt, 1929 

Elongate, moderate-sized flukes, with a well-developed ventral sucker 
situated only a short distance behind the oral sucker; producing relatively 
large eggs with small opercular cap, in early stage of development when 
oviposited. Miracidia with median eye-spot; developing in water; probably 
metamorphosing directly into first generation redi». Cercari® produced 
in second generation redia?; with simple or keeled, unbranched tails; 
typically with the number and arrangement of collar spines of the adults; 
encysting in their molluscan intermediate hosts, other invertebrates or 
vertebrates, or on vegetation, which, when consumed by the definitive 
host, provide a means of transfer for the mctacercarite and for their develop- 
ment into mature worms. Excretory bladder a pouch-like structure, 
sometimes coiled back and forth, extending anteriad to the posterior limit 
of the posterior testis, where it receives the primary collecting tubules, 
lateral twigs and capillaries with terminal flame-cells derived from second- 
ary and/or tertiary collecting tubules, which are characteristically filled 
with excretorv granules. Fundamental flame-cell pattern of adults: 
2[3 -f (3)“]. Adults in intestinal tract, and less commonly in the bile 
passages, of vertebrates. The species of this large and inadequately 
studied group are at present all placed in the family Echinostomatidas. 

Type Family ECIIINOSTOMATW^. Looss, 1902, emend. Foche, 1926. 

This has the characteristics of the superfamily. Of the five or more sub- 
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famine's wliich have been creat«l for species of tin’s family tlie forms 
parasitic In man are placed in the Echinostomatmas, Himasthliore and Echino- 
chasmins. 

Subfamily Ecliiiiostomatin» Looss, 1899.— Collar united ventrally by a 
ridfce; cirrus sac not reachinp posteriad beyond cqtiator of acetabulum. 
Human representatives: Echinostoma ilocnnum (Garrison, 190S) Odlincr, 
1911; E. malayanum I^iper, 1911; E. melh (Schrank, 17S8) Dietz, 1909; 
E. Tctnhiiiim (FrbhUch, 1S02), E. /mrfoen^e Sandproiind and Ilonne, 1940, 
etc. 

Subfamily Himasthlinte Odhner, 1910.— Collar not continuou'. across 
venter; collar spine.s in one row, usit.ally not intcrruptwl on mid-<lor''iun; 
cirrus sac Innp, tubular, reacliinp far post-acetnbular. Human representa- 
tives: IJimaMhln tnvrhlen.ti Vopel, lO'kl, and Paryphnsfomum siifrarti/frx 
(Lane, 191.j) Hhalero, 1031. 

Subfamily Echinochasminse Odhner, 1910.— Coll.ir not continuous across 
venter; collar spines intcrrupte<I on m‘Ml-<lors«m, cirrvjs sac small. Hvjman 
representative: Ecliiuockfi.wius j)rTfoliatiis (v. Hatz, 190S) Dietz, 1910. 

Si’j'KHF.wtiu I*i..\(!ioiirHioinK.\ (Doi.i.n>, 1930) emend. McMi'lui.n, 
19:}7, emend, nov. (Syn. Dick(K*oei.ioii)Kv Kvcst. 1929 
Pro Parle) 

Small to m(xlcrate«slze<l flukes, fl.ittciK'd or cvlinflriesd, imKiucinp small 
to mcdiurn-sizcji epps w ilb rather heavy o|)ercular ca)>. ainl full.v developed 
when ovipositttl. Miracalia mctainorphosinp in the molluscjin host 
(pastropofl or lamcllibranch) into spor<H*.'sts. .St\Iette«l jMil.Midciious 
cercarla, with .slcn*ler unhranchwl tail. laekinp e>e-spots: produced in 
secoml penenition sponn-vsts or retlta*; enc.'stinp in nrthrtipod or other 
Intermediate hosts, or possibly rcinaiiunp unenevsted in molluses or other 
Irtvertchrate seti>ndafy hosts. «huh. wlieiusuisumwl h\ the definitive host. 
prcivi«le a means of transfer f«»r the inetawresirm* and for their dev eh>pment 
into mature worms Kxeretory hkidder tv-jnealiv T-shapisI, vvitli rel.itivelv 
lonp stem; lateral twips and etipill.iries v\ith tenninal fl.ime evils arMiip 
dirvvtlv from the lateral p.iir of priinarj wllwtinp tubules, riinil.imental 
flame-<r!l p.nttern of adult weinn: 2|(I -f- 1 -f- 1) + (1 + 1 -f I)), or 
2|(1 + 1) + (I + 1)] ThisMiperfimiilv tentatively inehides the follow inp 
families; PUfiorchild® Lfilie, HKH, emend. WnnI, 1!M7; Llasorchilda Lex-he. 
192<i. Dicrocoellidae (I/xiss. ItKlT) (idliiier, 1919; Mscroderoididxc McMullen, 
lift?; RenlferidB Haer, ItL’l. emend. McMullen. 11137. H*plometrid® 
MeMuIlen, HI37 ; Lecltbodeudrilds Odhner. 1919. and Microphalllds Vi.ui.i. 
1921. Human repiv*eiitatives have Ihvii found emlv in the Plariorchlidx 
and Dicrocoeliida:. 

Tyi‘r Fatnily PLAdlOlWIllI/KK {i.uhr. rrirtid II ant. I'llT 

.\diilts more or less e|i)np:tt<sl-o\al. iiMxlenitelv fl.ittfmsi to n>tind<d 
orpniiisins, « hh t**stes roiindts! or lolmte, s|ij<..}>_v-sitle or one in fnuit of the 
other ami iH*strritir to the ovnrj Kpps numerous. thiii''h< Ihsl. ojn rcul.ife. 
iiiimetdia hil.itenillv s\ mmetrienl. willioiit eve-sjKits. ivreari.v stvieltisl. 
with simple «-iirv*tiiip m nrlhroixxls niid verte bnitc-n, ndiilfs in the 
mt«*stiiie, lims-al nivit.' . limps or ovii!u»!s*»f nniphilii.iii«. n ptil«-s. liinNnod 
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miiimnals. Excrctorj' bladder Y-formetl. Fundamental flame-cell pattern: 
2[(3 + 3-b3)-}-(3-f3-f- 3)]. Human representatives: Plogiorchis 
javcnsis Sandground, 1940; P. philippmenais Sandground, 1940, and P. 

Tanabe, 1922 (experimental infection). 

Family DICliOCOlCLIID/JC (Ijmsh, 1007) Odimer, 1010 

Adults lenf-like or more (‘yllmlroidal, with testes anterior to the ovary. 
Eggs relatively small, with thickened shoulder into which tlie operculum 
fits; miracidia bilaterally symmetrical, without "eye spot;" cercarife 
styletted, with simple, long, lashing tail; cercariaj introduced into tlie 
definitive host either along with the molluscan host, or within some second- 
" ' ’ ’ ‘ . ‘inent; adults 

• ■ ■ * vertebrates, 

iv.vcielor;' i)ia(i(ier \-siiaj)eu, wun a itnig steni. i uniiiuiieiital flame-cell 
pattern of adult: 2[(2 -f2-f2)-{-(2-i-2'f 2)]. Human representa- 
tives: JOicrocwliuvi dcndriticiim (Riidolplii, 1819), and possibly Kurytrema 
pancreaticum (Janson, 18S9). 


SiTEiUAMiiA OnsTiioRciiiointLi (I'AfST, 1929) Vogel, 1934, emend, 
nov. (Syn. 0^*I.STHORCllOI^E.^ F.\L'st, 1929 pro park; 
nETFnoi’liYOlDE.\ Faust, 1929 2 )ro park) 

Medium- to Muall-sizcd flukes, frc(|uently spinosc, witli poorly developed 
musculature, with or without '•eye-spots” in adult stage. Cirrus pouch lack- 
ing; testes behind ovary; seminal receptacle present; metniterm and ejacu- 
latory duct unite to form common genital duct. ^ Eggs small, thick-shclletl, 
oporculate. Miracidia fully developed when oviposition occurs l.ut hatch 
only following ingestion by appropriate mollusc. Ccrcariae devclopirg m 
simple retliae without ambulatoiy* appendages; plcurolophocercous or para- 
pleurolophocercou*), with "eye-spots,” rudimentary acctabula, w ithout stylet 
but having 2 or 3 rows of short, hook-like spines nbo^e the mouth. Ex- 
cretory bladder tj'pically Y-shape<l or with a short stem, bundamcnt.'il 
flame-cell patterns: 2[ (1) -f (1 -b 1 -b 1 +1)], Opisthorchis fchnciiSy and 

2[ (1 4- 1) + (1 + 1)], llckrophyes hekrophyes. Cercariae encysting m 

fishes, adults in intestinal or biliary tract of mammals, birds, reptiles or 
fishes The described species are classified in the following families; OPj®" 
thorchiidse Braun, 1901; Heterophjidw Odhner, 1914; Acanthostomatiaffi 
Poche, 1920, and Cryptogonunldae Ciurca, 1933. Human parasites belong o 
the Opisthorchiidse and Heterophyidse. 


Type Family OPISTIIORCllIlD/E Luhe, 1901 

Adults usually lanceolate, with weak musculature, transparent or semi 
transparent, lacking "eye-spots”; with genital atrium immediately preaceta- 
bular, lacking a gonotyl. Human _ *1’“ »'*lnrv and 

pancreatic ducts of vertebrates. 

liuman representatives arc found or . , , .j i „„ 

Subfamily I. Opislhorduium Looss. leSS.-Excretory bladder long, 
triangular, with median anterior blind tubule; uterine coils pos -ace 
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lar, confined between ceca. Human representatives: Opisthorchh felineus 
(Rivolta, 1884) Ulanchard, 1895; 0. tirerrini (Poirier, ISSO) Stiles and 
Ilassall, 189G; 0. norcrca Braun, 1902, Clonorchh sinensis (Cobbold, 1875) 
Ixioss, 1907. 

Subfamily H. Meiorcbiina Lube, 1909.— Excretory bladder short; uterine 
coils partly overlap ceca and c.xtend preacctabulad. Human representative: 
Pseudamphistomvm fruncafum (Rud., 1819) Lube, 1909. 

Famih/ HETFJIOPIIYIDJE Odhner, 1014 (Si/n. COKXOGOXIMIILE 
XicoU, 1007: COTYLOaOXJMWJE Xicoll, 1007: 

IIAPLOPCIIID/E Trarassos and 1024: 

STICTODORWyE Poche, 1020) 

Small to very small flukes, usmily ovohlal to pyriform in contour; with 
ventral sucker typically enclosed in genital sinus containing a muscular 
eirrus-like sucker (gonotyl); lacking “eye-spots”, testes two (or (Jncin a few 
species). In intestine of higher vertebrates. All known species njjpear to 
he facultative parasites of man, hut species from the following four sub- 
families are the only ones reporte<l in natural infections from the human 
host. 

Subfamily Heterophyinas Ciurea, 1924.— Acetabulum and gont)tyl (genital 
bucket) f)f adult on ventral surface, well <Ievelopctl; testes two. Iluman 
rci)resentati\cs: Ileteropht/es heterophyes (v Siehold. IS.">2) Stiles and 
Hassiill, 1900, II. lafsuradai Ozaki ami Asada, 1925, am! II. breriraen 
.\frica and Ciarcia, 19.35. 

Subfamily Metagonlmlna Ciurea, 1924. — Acetabulum well detelopisl, 
siiunteil in genital sinus, gonotyl (genital sucker) atroplnwl; testes two. 
Human repre>ciitatives: yteUigonimu.'! yoloyatmi Katsurada, 1912, .l/efn- 
fjomvtus intnuius Katsiita, 1032; DwrehUretno p^evdociTTotum Witenherg. 
lOiO (ssn. SM/fmfr/int»nj.r /nfrofiM of Katsxji.n, 1932), /). ^^tmiwxnim 
(Katsuta, 1032). an<l H ompfiVxrofr (Kntsut.n. 1032). 

Subfamily Centrocentinas Looss, 1899.— Airt.ibulum pre-txiiiatori.d, m 
genital sinus nr jirojeeting on ^ent^ll Mirfar<*; gomit\l (genital sniker) in 
genital sinus, undergoing atrophy, with a fan-like ennipleinent of nxllets; 
testes two. Iluman representatives: CenUuerslus annnUn (Tnnabe, 1022): 

V JiiTiiiavinm (Nishigori, 1021) 

Subfamily HaplorcMsz (Looss, 1699) Poebe, 1926 -Adults uith anterior 
|M)rtion of IhnIv fl.ittems! but not dih-itnl. gmiotvl (penitn! sneker) fiiMsI in 
p.irt uith the ventr.il sucker, summndnl b\ nbaU-<irelel of nKlIets; single 
large testis in place of usu.il two Hiun.in rejirrsentatives: Ilnjilorrhir 
(I>¥)ss, IS'lCi) (s\ ii. Moiinrchntrciiia tatkidui N'i'liignri. 1!I2I), II 
tair/u/i (Ni'lngori. I021), II mirmrcAni (Katsuta, It* $2). aiul II 
(Katsjita, 1032) 

St n III \Mii.x 'riii>i.urTiiMi\T«iiir..\ I'm ST, I!i2'i. T.mim) 1'i{o 

IbhtiMlv ‘iii.ill lo m»sll.in-si7c«|. fle-!ij , ovate flukes. ha\ mg integmun-n- 
tarv 'j>iii«-s, pnsliifing inislcmti Iv kirge. hnwidh nvnid.il eggs, w ith n lin>.id 
ojM rt III ir <-ap and slight I v ihiekriMsI s|i(tit|d<r. iii the earl.v 'tag«- of tl« %• loj*- 
nirnt nt llte time of o\ Minn i«b i vvuhout “eve-sixits", bil iti ndh 



or. 


TJUCMATODi: PAItASITEH OF THE BLOOD EYBTEM 


1929, S. rodhnini Ilrumpt, 1931, S. maTgrchowici Lc Rouv, 1933, and S. intcrcalahm 
Fischer, 1934, as well as S. incogniium Chandler, 1920 and S.faradjei Walkiers, 1928 
(wliich have been desifinated aa species only on the basis of eggs recovered' from 
focal dejecta), should, for the present, be regarded suh judice. 


THE HUMAN BLOOD FLUKES OR SCHISTOSOMES 

Fnmify SCIIISTOSO^fATI])/T' ISOO 

General Considerations.— The human blood flukes, like the othermem- 
hers of the fiunily Schistosematidse, live hi the portal and cava! venous sys- 
tems They arc usually unisexual individuals of which the male is the 
larger, more robust, and the female the more slender, more delicate indi- 
vklual. The male is further clmractcrizwl by having the lateral margins of 
its body curved ventrad so as to form a long groove or trough, the gyneco- 
pboral c(nwl, in which tlic female lies during a considerable part of lier life. 
Occasionally in Schisto.'iomn wmwont Vogel (1917) has found female organs, 
with fully <levelope(l oi'eytes, hut lacking a uterine pore, in male worms. 
I'lider normal conditions the worms most commonly reside in the extra- 
hepatic portion of the portal system (Fig. I.'l) or tlic caval system, being 
attached by their suckers to the iiithiia of tlie I’cins. Here they feed on 
the rich IiUkkI coming from tlic intestines; here tlie females arc inseminated 
by tlie attending males, and lay their eggs. In the case of Schhtosoma 
japnmeum, S. mansotii, and S. both, the worms arc most usually found in 
the mesenfen’e radicles; on the other hand S. fixmnfobtum has a predilection 
for the vesical, pubic and uterine plc.xuscs, into which the female worm 
wanders to lay licr eggs. In either ease the ovipositing female extends the 
anterior part of her body into tlie small veins and venules immediately 
adjacent to the wall of the intestine or of the bladder, so that the eggs are 
deposited in the smallest venules. Since the transverse diameter of the egg 
is usually greater than that of the venule into wliich oviposition takes place, 
the wall of the vessel is dilated around the egg hut hetween each two eggs 
it is constricted. Thus, the appearance of a series of these eggs iti a venule 
is that of a number of short sausage links. Sooner or later, in increasing 
numbers, some of the eggs are carried along with the blood stream into the 
liver, where they escape from the bloo<I vessel into the tissues of this organ 
and set up inflammatory processes. Others, particularly those of S. 
hscviatohiion, may be carried up the inferior vena cava through the right 
side of the heart to the lungs, where they are deposited. However, a con- 
siderable number, probably a major portion of the eggs, remain in the 
congested mesenteric or vesical venules, which are blocked by the bodies 
of the female worms. The majority of these eggs are extruded into the wall 
of the intestine or bladder. Some remain in the tissues while others are 
evacuated Into the lumen of the organ and pass out with the feces or urine 
The disease produced by those species wiiose eggs are evacuated through 
the tissues of the gut is known as intestinal schistosomiasis; that produced 
by S. hxmatobitan is commonly spoken of as urinary or A’esical schisto- 
somiasis, or vesical bilharziasis. 

Life Cycle of the Human Blood Flukes. -The eggs of the blood fluke are 
soniew’hat immature when they are laid by the mother worm. By the time 
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they have passed througli the tissues and are recovered from the feces or 
urine they arc usually mature and at times the vibrating epidermal cilia 
and t«o pairs of flame cells of the enclosed miracidia can be observed 
through the shell wall. On dilution of the feces or urine with water, at a 
temperature of 25 to 30® C. (77 to 86® F.) the miracidium soon becomes 
active, its cilia beat rapidly and the larva squirms and churns about until 
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the shell splits open at its weakest site, allowing tlie larva to break througli 
its embryonic envelope and to escape into the water. However, if the 
excreta remain undiluted forsoinetimc.particularly in warm climates, the 
larva within the shell is killed by the toxic prodiict.s present or soon de- 
veloped in the medium. Once the iniracidimn has been set free in a 
favorable environment, it is able to swim about as a free-living organism for 
some hours, utilizing the food-staffs which it ha.s received from the mother 
worm. In the event that it finds itself in the immediate vicinity of the 
molluscan host to which it is physudogically adapted, it attacks and 
proceeds to penetrate the soft pjirt.s of this mollusc. The miraciditim 
possesses no spines or other armature which it can use for this purpose, but 
the vigorous beating of its cilia once having brought it in contact uith a 
mucus-secreting surface of the appropriate snail, droplets of a viscious lytic 
ferment which have been ct.'iboratcd in special glands of the larva are 
poured out rapidly and soon effect an eiitnince into the soft tissues t)f the 
host. Thus, within a half hour or an hour after the attack has been under- 
taken, penetration has usually been elfccte<l. Schistosome miracidia enter 
rin the licad, foot, tentacles or the gill filaments of the snail. 

The intra-molluscan phase of the life cycle involves the gradual migration 
of the larva from the oral towards the apical end of the host, at first through 
artificially pniduced pathways, later via natural lymph sinuses. Mean- 
while, within a few hour.s after effecting penetration througli tlie epithelial 
covering of tlie snail and at times possibly not until it has reached a natural 
lympii space, the larva loses its ciliated epithelium and becomes modified 
into a simple sacculatc sporocyst, which, in turn, produces within its brood 
cavity a second generation of sporocysts, more elongate tlian the mother 
sporocysts. The daughter s|)oroeysts reach the lymph sinuses whicli bathe 
the snail's digestive gland, w here they arc in the midst of a highly nutritious, 
liquid medium. Tlie second generation sporocysts then produce within 
their brood cavities a now generation of individuals, which soon become 
differentiated into fork-tailed larva* (the cerenria?). They are the larvre 
of the third generation. The period required for the intramolluscan phase 
of the life cycle (c. g., from the entry of the miracidia until the ccrcarire are 
mature) varies under natural conditions from four to seven weeks. Upon 
becoming mature the cercaria* erupt from the second generation sporocjst, 
break through the distended tfeucs of (he smail and emerge, tail first, 
through the opening between the snail and the shell. This occurs only in 
case the snail is in the water, and in the case of Svhsiosoma jnpouicttm only 
in bright sunlight. ' ■ 

The cercaria, after issuing forth into the free-living environment, swims 
about vigorously for some time and then comes to rest at the bottom or 
attached to the under side of the surface of the water. It Is alternate^ 
motile and resting for twenty-four to forty-eight hours, after which time it 
dies unless an opportunity is offered for its transfer to a mammalian host. 
In heavily endemic areas it is.usual to find 1 to 10 per cent or more of the 
susceptible molluscan hosts infected with the sporocysts and developing 
cercarife of the human blood flukes. Once an infection has become estab- 
lished in the snail, cercaria* may be cjqiected to be shed in considerable 
numbers at regular intervals for a period of several to many weeks. 
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Kntry into the definitive host is an active proc-css for the eercaria'. A 
susceptible mammal, all or part of whose IkhIv comes in contact with 
“infested water” (e. g., water containing Aiable cercarin?) is liable to infec- 
tion (sec Figs. 14 and 15). Very few, if any, schistosome ccrcaria* penetrate 
the mammalian skin except from contact with a .surface film of water. 
I’ossibly the large.st amount of infection occurs on the extremities of the 
ho><t, which are alternately immcrst'il and then withdrawn from the water, 
so tliat the eercaria' remain in the filin of water covering tlie skin, which soon 
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AfliT ) Bti.t iiid Mrl<‘i,r). Nm Jour of Il>c><'n(* I 

brjrni't to c\;»jMinit<‘ Thi«< f\.i|K»rali»»ii Mitiiul.itcs the (Tntirhe to iittaek 
anil (Miittrate the -kin It iii.is Mtim* an iittaehment under exiniae of 
t piih rtni-i or in the di pn'''ion of n hair ftillh le. While in the net of enterinc 
till* vKiti It inaintniiM ixint.att l»\ inenii'i of its siH-ken IVnetmtioii is 
t fleeted m a iinnner «imil.nr tt» tli-nt •itiliri'tl li\ the rnimi iditim in «eniritii: 
eiilr\ into the inolhi'eim hte.t, n.aiiirl\ li\ the tlwh.arte of Ivtir ferments at 
the head end of the ein-ari.i, wliuli thgest nwa\ and efTett nn eiitmiKv 
thoitudi thi' laot tl"i|e 'llils Is iindoiihtrtlU nij^inentisj h\ the lim h.nliien! 
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erosion produced by the sharp cutting edge of tlic tips of the penetration- 
gland ducts, at tlic sites wlicre dfgcstivc ferments are being secreted. Even 
though'the ccrcaria is armed with abrasive as uell as digestive apparatus, 
its penetration of the skin as deep as tlie rcie inucosum requires hours, as 
compared with tlie relatively rapid entry of the miracidium into tlie .snail, 
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of nctivc (lij'Cbtion through the skin lajers the schistosomulum reaches the 
periphern! bloodvessels. On entering a venule its nctivc penetration is 
brought to an end. Thereafter it is carried through the venous circulation 
to the lungs, where the majority of the migrating worms .squeeze their way 
slow I y through the pulmonary capillaries, are carried into tlic left chambetN 
of tlie heart, and enter the nrtcri.al circulation. Although there is probably 
no sclecti\e migration, the majority of the young worms e\entually reaeli 
the arteries feeding the nbdomin.il viscera. Of this group apparently only 
those which enter tlic mesenteric arteries and pass through to the mesenteric 
\eins are al)le to develop further. Those reaching the renal and peripheral 
circulation and prob.ibly those in other foci soon die and thus come to 
ns-'Umc tlic role of foreign protein emboli at these sites. 

'Ihc ‘^chistosoimila first liegln to fec<l after tlicy nrri\e in tlie jKirtal 
\esscls, the fond consisting of whole blo<«l, although the substance essential 
for survival and grow th appears to be gluco^^e. Tins is present in relatively 
high concentration in portal I»loo<l. During this active period of growtii 
tlie young worms live for the most part In the intra-liep.Uic portion of the 
^esseN, where the males and females soon begin to show rceogiiizable 
dilferenees, the male heeoming Intwd and stout and the female long and 


slender. As tlic ’ ’ tliey migrate out to the 

mc'cnteric r.ullcl * tin the inferior me«cn» 

teric Nclns, then ’rlor licmorrlmidal and 


pudenda! Nelns into the sosical plexus (.9. hximlohUim). Shortly after 
reaching these locations they mate and the females begin tolaj eggs. From 
four to twelve weeks after the ccrcaria.* penetrate the skin, eggs are first 
reeovcrcil from the c.xcrcta. The nctwnpanying illagram (Fig. 10) of the 
life e.telc of ^chiMMoma ;«/ johicm»i Is t'pical for the group. 

Geographical Distribution of the Homan Schistosomes.— Thriv of the 
'<pe<'ies of human hUnid flukes, Echixtn*<ma h.imnluhtum, .S\ wniuom’ and 
S. appear to have originatnl in the Ni'e Valley, from whence the\ 
lia%e luvn di'perHi'd. On the other hand, SchifiiMivin jnjmnicuin is con- 
fined t<i the Fur Fast. It is altogether probable that the Vangtre Valley 
was the original home of this parasite. .Sr/n.»/aTf;mn fiaviatohhm, iV. 
iiifins(mi and jKissilily S^borh li.x\c Ikxxiiiic adapteil to rel.itetl groups of 
noii-opereulate gasiroiH*<ls as their iiiterimsiiate hosts. In South .\fricn 
exidemx* points to the \iew that the two former sptties of f!uki*smay utilize 
the sjuiie sjM'cies of ho't (/7o/»o;*»».»). ’I he species of snails {lliilhiin, 
Phii*o]kftf) in which .V. ha tfinhJiiuvi »le%e!ops are relatiM'lv etamiion 
throughout .\frica, the ailj'acTiit n-gioiiof Wi'sUth Asia.niul partsof.'Nmtli- 
ern Furojie. while the t\jiie;il moIIuMwii host (I'intinrln*, frrmi of .V. 
vintif'tn isjjuiten»siiviiH»iit;in in itsili-trihuthm. 'J'liesjariesof operntlati- 
ampliil lions sti.iils whi« h S jftjntiinim iitilirs'sfor the iiitra>moII(W:in jili.w* 
of ils life- r\ele are oimmoii in « rtnin nnxis of the Far Ilnsl. Fxaniination 
of the ain'oinp.uiN ing map (I*ig. J7) shows ilut sfhistosoini isis hauiiatobin 
nn«l «r!iist«w)mia'is j'njxpnira are pnulir:ilb oHxten'ive with tlie di'triliii- 
tioii of tin- iiinllii*mn hosts utilis'd b\ the wtirins raii-ing tlicM- resp<sti\e 
iiifis-tioijs, whib* Mbistiwimiisisin.m'sHii has -pn-.itl onlx to parts of .Nfri'.n 
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Th'KMM'oDj: rM!.\sirt:s or rut: moon svsri:,M lo:; 

As iiKirt' ran'ful tuxmiomicMwily h Ikmuj: juudo «if jil:uuirlti«l Minils, then' 
IS ntimilntivo rvjdnur that only (rrtnin fliiM>ly n'latisl tn)pi<'al sjurios 
(Kfluopian ami N\s)tn»pi<'al) of mt\ lii^: as intiTiinslIatr latsts nf 

iSVAiViwinjMf mnii.fiiiti. Schi^Uvffunn Inttit lias Ihh'h rrporltsl fnan mail onI\ 
in Natal, S<iiitli Afrini an<l it is rntindy |H>s<,ihU* that tho larjco trnninal- 
spimsl rjtjts msivi-ml fnim tlu*st«M>l,«n which thciliajtimsls was haMsI, ma.\ 
hefonj’ to a variety of .V, Lr lunfMum. 



CHAPTER XII 


THE HUMAN BLOOD FLUKES. 

Genus Schistosoma Weinland, 1858 

(genus from split, and ouna, body) 

Schistosoma hEematohium (Bilharz, 1852) AYcinland, 1858.— (The vesical 
blood fluke, causing vesical schistosomiasis.) 

Synonyms . — Disloma hsemalobia Bilharz, 1852; Gynscophorus hsematobius 
(Bilharz, 1852) Dies., 1858; BUharzia hsemalobia (Bilharz, 1852) Cobbold, 1859; 
Bilharzia mngna Cobbold, 1859; Theco&oma hsemaidbium (Bilharz, 1852) Moq- 
Tandon, 1860; Bi'lAarziacflpensis Harley, Bilharzia xgyptiaca Miyagawa, 1924. 

Historical Data.— Although there is evidence that vesical schisto'^omiasis was 
present in Egypt in ancient times and although the various armies of occupation of 
this country within modern times, particularly the French in 1799, suffered from 
the disease, the causative organism. Schistosoma hixmatcbivmfW&f not discovered 
until 1851, when Bilharz recovered the worms from the mesenteric veins of a native 
of Cairo. The first record of the finding was published in 1852. Some time later 
Bilharz found that this organism was associate in a causal way with hematuria, 
which was common in the native fellaheen population, and w ith the presence of eggs 
in the urine. In 1864 Harley showed that the hematuria of South Africa w'as due to 
a blood fluke, which he called Bilharzia capcnsis, to distinguish it from the North 
African variety, because he found only terminal-spined eggs in the urine of his 
cases, whereas Bilharz and his colleague Griesinger had figured both terminal- and 


(1874-1895), Lortet and Vialleton (1894-1905) and Looss (1894-1914) were all 


was incorrect. 

As early as 1893 Manson suggested that the vesical and intestinal types of 
infection were due to two different species. In support of this belief Sambon (1907) 
proposed a new species name, Scktslosoma mansoni, for the worm which produced 
the lateral-spmed egg. 

The clinical and public health importance of schistosomiasis haematobia m 
Egypt IS indicated by the serious pathological involvement found post-mortem 
Griesinger (1866) reported this disease in 32 per cent of 3G3 autopsies, Sonsino 
.... — ^ i- -n-* 500, and Ferguson 

• I Hospital in Cairo. 

.’ey of 30,000 indi- 

. . al basis for a more 

scientific study of the disease. In 1915 I.eiper, who had previously visited Japan 
and had confirmed the experimental findings of Miyairi, that a mollu^ was the 
intermediate host of Schistosoma japomeum, rcstudied the problem in Egj'pt an 
by a series of convincing experimental tests, proved that two types of mollu«cs were 

(IW) 
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involved in the CjO'ptian infection and tlial tho«c worms which develojicd in 
Bidinus (fsidora), on maturity in mammal<t, produced tcrminal-spincdejis'^, while 
tlio«e which developed in Planorla produced lateral-spined eggs in their defmiti\e 
host. Leiper al-«o showed that the adult worms of these two types were morphologi- 
eally different, thus confirming Man^on’s and Sambon’s hypothesis, and demon- 
strated that those producing terminal-spined eggs (S. Aj?m<i/oti'Mm) were the cause 
of NC'ical bchistosomiasis while those producing latcral-spincd eggs "cre riie cau«e 
of intestinal achistosomiasis Following this McDonagh (lOlS) first advocated 



i K. IS M«i> of Afrjra •nd mvirtm*. Bliowine ll** fi>fi of inforljon with .VAuTo. 

fomu At"»/i.'o'/Iu»'« Tl.f »o!nl afPt in lliw Nlfo in<lirat>-« cttrrKitb h> j>rfpn*lrmifit> 


anti ("hnstoplirrson (191S) intrwhiceil on a large pmle thr u'e «>f tartar ctnrtic in 
the trr.atmrnt of Kfhislo'oniii'is In recrnl jears Kliati! ant! other* lua\r eomhinrsl 
cpiclrniiolosical blmhe* with fnmjvaigns for prcrrntion ami treat nient of the infec- 
tion, while Pariww has dc\otcil many 5 ears to epidemiological and pmrntive work 

OeofTsphlcal Distribution. Srhistfwmiw*is lin rnatohi.n 1* rvtrti'iicli 
«li'trihut«a| ihniughout .\frini (Hg- IS) It i* j•^•'<•nt in n ron»i<!rni1iIe 
jKirtioti of the iKijtuhtiim of the Nile Vnllry, where tlir frll.nlieen are hea\ ih 
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infected. In lower Egypt, including the Nile delta, its incidence varies 
from 11 to 70 per cent. In the Nile valley of Upper Egypt it is found in 
4 to 80 per cent of the population of different villages. In the Baharia, 
I’iiyoum, Dakhla and Khargjv Oases its incidence is 40 to 03 per cent 
(Barlow and Azim, 1940, 1947). The infection is common in all provinces 
d r. entire east coast of 

•articularly heavy in the 
ij ' ' ■ entral Africa it extends 

southwards from the Sudan through t'ganda (where it is sporadic), Kenya 
(50 per cent around Lake Victoria), Tanganyika (.'iS to 94 per cent 'in 

- V r, , ,X , 1 , rpr. T< ’ n 


the Carneroons. It occurs as a moder- 
ately heavy infection in Northern Rho- 
desia (0 to 60 per cent, fide Blackie, 
1946), up to 80 per cent in Africans in 
Southern Rhodesia, and is especially 
common in populations along the rivers 
of Natal and Cape Colony. Along the 
coast of North Africa it extends from 
Egj’pt to Morocco. In .Africa the mon- 
key, CercocehisfuUginosus, is suspected of 
being a reservoir host. It is known to be 
endemic in southern Portugal (three foci 
on the South Coast) and has been re- 
portetl from C^'prus (one area only). In 
Western Asia it occurs in Palestine (Jaffa 
area), parts of Arabia (Mecca and 
Yemen), Iraq and Iran (along the Persian 
Gulf). 

A hyperendemic area of infection has 
been <liscovered in northern Syria near 
the Turkish border (Pr. Alan C. Pipkin, 
personal communication, 1948). 

It is endemic on the islands of Madagas- 
car and Mauritius, but its status on 
Reunion is subjudicc. It is also stated to 
have been diagnosed as an auchthonous infection in India (Punjab Pro- 
vince, by Andreasen and Suri, (1945). Following World War 1 it became 
temporarily established in Australia, where two autochthonous cases weie 
discovered, and where snails of the genus Bulinus, which are common 
throughout the settled portions of the continent, ma>' have been the inter- 
mediate host, Stoll (1947) has estimated the world incidence of schisto- 
somiasis haematobia at 39.2 million persons, almost exclusively in Africa. 
The report of S. haematobium infection from Chicago, Illinois, by SuUi' an 



Fig 19 — Male and female speci- 
mens ot the human blood Huhe {Schw- 
tasoma fuematohtum. X 12 (After 
Looss.) 
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(1032) and from Seattle, Washington, hy I*«>coek and ^■oe^;tIin (103.7) 
were unquestionably due to mistaken diagnosis. 

Structure and Life Cycle.— The first careful study of tlie adult uorins and 
of the minicidium was that of Ixkiss {180(»)* ^i'he worms, which are 
diecious, live for the most part in the vesical venules and in adjawnt 
plexuses In ordinary infections the males and females arc about equal 
in numbers. The male is the shorter, stouter imlividual, while the female is 
dclicjite and elongate (Fig. 19). During the greater j)art of its pnHlueti\elife 
the female li\es in the gyneeophoral canal of the male, which is formed by 
the ijifolding of the ventral side of the male’s 1 kx 1\ iK)sterior to the ventral 
sucker. Hath sexes possess an anterior (oral) and a vcntpal (blind) sucker, 
w hich are situatwl close together at the 
anterior extremity of the wonn. In 
the female these suckers are in^sirK 
equal, but in the male the ^entral one 
is ennsiderabl\ larger ami more mus- 
cular. The integument of the male is 
eo\erc<l with minute papilla*, which in 
the female are txmfimxl to the nntcrM»r 
ami posterior extremities. In lx»tb 
sexes tlu' es<ii)hagus reachcH t<i the 
anterior margin of the \eiitral siieker. 
where It hlfureatt's to form the cecji 
'riuTC is no phar\ngeal sphincter but 
the esophagus is surnauaKd by glands 
(see I’ig. 21). 'Ilie paired cvcji extemi 
to the middle of the l«xl\ . where the\ 
joitj each other to (xintinue posteriad as 
a single, rig/ag, ser|X'ntine trunk wlileh 
ends bVmdl.N near the ^xMerior end of 
the IkhIv. The nersous sjvtem is not 
cssciitiallN (lilferent from that of other 
trematfsles. The exiretors s\.stein 
toiisists «if a small tmxhaii |xisterior 
blatlcler, with a p-iir of collecting tu- 
bules hasitig ix;ual atUerior am! |h>x- ^ 

tcrior tributaries. 

Difrrrutinl ('finrartfrifUrf of Mnir 
attrl Frmn!r W’nrtn*. The female is a 
slender worm, measuring alxait 2»» 
mm. ia length b\ nlxait (1 2.7 inin in 
tr!ins\ersedi.Tntrter. IlcrlKulv »spr;i\- 
i'li nr pinkisli-ervatuN in co!i»r, while *'• f “ 
the gut is a dlstitul trtldi'Ii-bl.ifk.Iike 
that of n hss-h. due to inrlti'ioii of 

J li ?0 frimar} »ri.! of Irma].. 

«»f wltKt, on c»'pt>|» I'T Mr* !i«‘ ctarnt. •*. *•' »0'i *•*. I '’’••imml r»i.| >.1 iit»fu« 

Hi \i!rllif>» r,l d » ilrtJirv^ aurt \ xmitiBl |r^S»ri- r«'1 lr> tl.# f.f'itr !• 

^r•r U.«> ••tr m, ^un» lU* «' »rj Ohif r »1 i 
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licrnatin arid oflier di'^radiition proilucts of tlii- red Wood cells of the liost. 
There is a full complement of female reproductive or/rans 20). The 
ovnri/ (or) is an elongate object^ narrower anteriorly and broader posteriorly. 
It is situated in the fork where the two ccca join posteriorly. From its 
posterior face there originates an otiduct (od), wliich immediately bends 
forwards and after traveling a slightly tortuous eoiirse opens into theoc-Yy/v 
(oo). Wnle no seminal receptacle has been described for 8. ha:7iiat()hiinn, its 
consistent jiresenec in S. mnnsoni and S. japoniewn argues in favor o! its 
probable jiresenee in 8 . lixuutfoLium. From the])Ostcrior end of the worm, 
in alternate positions as far forwards as the posterior end of the ovary, there 
are vikUnrin (vU) witli a single median vitelline duct, whicli passes under 
the junction of the ccra and proceeds forwards in a course parallel to the 
o^•idIlct, fmally emptying into the ootype. From tlie anterior face of the 
ootype tlie system is continued as the uiews (a/), \sliich opens to tJje exterior 
through a small genital pore just bcliind the acetabulum. Naked egg cc]J<5 
from the ovary work their uay fonvards throiigli the oviduct until the\ 
rcaoli the ootype, wlicrc tliey are fertilized, the vitelline cells are added, the 
shell is secreted and the fully formed egg is pushed forwards into the uterus 


throngli a sphincter which regulates the inechamsni. 
The eggs hi the utcnis nearest the cotype arc the 
(J^ (east mature, while tlicse nearest tlie genital pore 

arc the most mature of the uterine eggs. From 20 
/lU to 80 of these og^s may be present in the utcnis at 

/ onetime. 

The male worm mcas\ires from 10 to 15 mm. in 
I (Ha 11 Ictigtli by about 1 mm. in greatest diameter when 

\ sides are In the characteristic incurved position. 

. There are integumentary spines on tlic suckers and 
clinractcristic papilla* over the greater part of the 
U llV I < hod\, particularly on the inner surface of tlicgyne- 

}\lf If cophora! canal. The reproductive organs (Fig. 21) 

rin .21 — .Vntenorend coiisist of four to five ksks (t), cach with an efferent 

of male sUttfotoma duct leading into a vas deferens, wlncli enlarges to 
hxmaiobium, ejicHnji? fprm a Seminal vesicle, before opening to the ex- 
tcrior thrcRl. the scmial porr fe) which is sltuatca 
(Original) just behind the ventral sucker, there is no penial 

organ or other accessoia* male sexual apparatus. 
A({ult worms of this species may at times be found in the intrahepatic 
portion of tlic portal vessels, in the splenic vein, the pulmonary arterioles, 
the rectal veins, or rarely even in the cerebral and ophthalmic veins (Faust, 
19-18). Usually, however, they reside in the tributaries of the inferior 
mesenteric veins, including the median and inferior hcmorrhoidals and 
particularly the vesical venules and collateral plexuses. Once the norms 
reach these foci, according to Fairley and Manson-Bahr. “the paired norms 
travel against the blood stream to the furthermost possible 
where the female leaves her partner, and, being of a smaller diameter, is a le 
by means of her suckers to progress until she stretches the 
their utmost. The eggs are now depos* 

iorly. The female then withdraws so , 


»cpiod-uc\»> e organs 
I7p. genital pore: t, teMci 
(Original ) 


little in front of the anterior sucker. - 
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after the deposition of an egg, the worm retires, the vein contracts to its 
original dimensions, embracing the and the returning blood drives the 
spine into the wall of the vein.” Thus, by stasis within the smaller vessels, 
aided by digestive ferments elaborated by the xniracidium within the egg, 
which ooze out tlirough minute pores 
in the egg shell, the vessels are rui>- 
turcfl and the eggs escape into the 
tissues. The majority of these finallv 
escape into the lumen of the bl.ijlder 
and are passed in the urine. Occasion- 
ally torminal-spincd eggs arc extriuhnl 


1 10. SI -MirscKiitim of Sfhitlaioma 
kgmalcf'ium tp, o*frptor> r»>rp. rt 
tory tu>>ul<*. /e. namo roll, pc, rorm wll. n 
ltd tfS Mature e« of Sthuto- norte oontor jv nrimitiie pit, epi anterior 

Mornn hrmnhiliMim «ith enrl<iv.«l |H>netr«tinn (laml, *9, posterior jK-netralton 

niirnri.liiini y r,IO (OnemO 1 panel y 400 (Oricinal 1 

tlmiiigli the wall of the rectum. jKirticuI.wb iluring the i«Titx! when 
Ntiung mature «<irms are cii wutr to the \i~'ir:d xenules 

Thr r.fjj and thr Mtracidium. 'llie eggs whirh are pas-etl in tlie urine 
(I’ig. 111?) UMialh tttiitnin mature, vialrle miraeidi.i The shells are o\iil at 
the anterior eiiti and conical at the nlyrral eiitl. tapering to a di-tint t spme. 
They measure o\er all from 112 to I7fl #i in length am! h.n>r a tninster'e 
tli.imeler of K* to 79 p. 'lliet arc light jclInwMi-bn>wn m r«»Itir ami fnirh 
transparent. On dilution of the frohb iws-rtl urine wjth 1 part.s or imire 
tif water the minicidimn within M»on iHTOinrs netive, cfTt'cts a .'iflil in tin- 
shtll. (••‘ctijK's frtmi Its riitehtpiiig cm!>r%ome tmmhrane and emerges as a 
free-lit ing ttrgani'ni Normal hatching crccairs in a non-to^ie iMituntr 
imsliiini «neh as th.it of the enmN. irrigation ditrhf-' nii<l jvinds m emlftiiie 
areas Mntihing will not «»cc’ur in undiluted urine If thr urine rtnnms 
uiulilutrsl (nr vnne hours the lari a lK-cim»*s lo-s and l«-s< at ti\e and 
•lies The rmerg* lit miraralhmi of this *j»rrir*s <I ig 2 5). wlin h ntrmpr^ 
lIVIp long !i% uido. m t>pt(-nl«»f the hunmti s<|n-i(»«ifiif gisiup, 
ing a ••ill itisl «-piili< liiini. two jninsl grnuj>' of |wnt tnlmn gl.snd* (»9i om- 
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pair opening at the anterior end and one on the antero-lateral margins, a 
primitive gut (pg), a nerve center (n), two pairs of flame cells (fc) with 
tubules (et) opening through a single pore (ep) on the postero-lateral 
margins, and germ cells (j^c) which arise from the germinal epithelium at the 
posterior end of the larva and are proliferated until they fill the brood 
cavity. Tiic miracidium of 5. kstimtohium is distinguishable from that of 
S. mansoni and S. japonicum (see Figs. 35 ami 40) both morpliologically 
and physiologically. The antero-lateral penetration glands of the larva of 
S. hxmatobium arc clearly difTerentiatcd into two clusters, while in S. 
wansoni and iS. japoniciim these clusters are fused. The miracidia of S. 



t'i<> 24 — MoUu'scaii hosts of Sc^tslosoma hrmalobium m Africa. A, Bulinui (Ittdora) 
conlortus from rgypt, B, Ph]/iopn$ a/ncana from Natal, C, Physopaia afneana globoia from 
West Africa Natural fei*e. (OriRina) photOKrnplw ) 

hxmaiobxuvt are equally distributed thnmghout various levels of the water, 
while those of S. mansoni and S. jajxxniatm usually collect in the top 2 or 
3 cm. of water These free-living miracidia are able to swim about activelj 
for a period of sixteen to thirty-two hours. During this time they are able 
to attack and penetrate the appropriate molluscan host. The typical hos 
in the case of ' •• • « . -.i / t.’... on the genera 

liulinusils, : ' e also been 

incriminated ‘ ippropriate 

hosts includ . . , 

(possibly a synonym of ii. all of which species are referred o } 

Haylis (1931) as Bulinns irimcaius; along the north coast of ^ 

Cyrenaica and Tunisia, B. coniorim, li. brochii and B. dyhoicskii; on^ e 
isiand of Cyprus, B. enniorfus; in Sierra liCone and other endemic oci o 
tlie West African Coast, French Equatorial Africa, Northern i 
Katanga Province of the Belgian Congo, Ruanda Urundi, langanji , 
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ami Ull(Kle^^a, as well nj» in Portujiue'c K. AfricJi ami South 
Afriai, Phyjfojah africana globoaa is actually or prcsumpti\ely involutl; 
in Xortbcrn Niperia aho possibly JiuUniiii lehadcnsis; in Kenya Colonx , 
P. nn.wta is siispectetl; on the island of Mauritius, PortUpuese K. Africa, 
uiu! possibly Kenya Colony, Utilinus {Pyrgophysa) forskali; in Portupsil ami 
Morocco, PlnnnrbLt dufourii. In 
addition, the infection has been re- 
ported from liidimi.i (hfidom) /«>- 
jiim.f and l.yinnTn tiftln!en.tif in 
South Africa. Furthermore, Dye 
claims that in Northern N\as:ilam! 

Mrlftnin tKkhrinctti is in\<»lve<l, but 
this requires confirmation, sliuv inel- 
aniid snaiU are not even <listantly re- 
lati*d t<i tlie t\piea! ho'.t species. In 
Palestine H. amlnrtii^ is known to Ik* 


ilestino U. cfMimr/j /1 is known to Ik* ‘ 
kolvwl and in Iraq U. Iruncnlu.^ is 
Tcto<!. The molluscau host is not _ 



infect o<!. 

known for the (’amemons, c.\tensivp 
areas of French I>iuatorial Africa, 

Italian Soinalilaml, Fthiopia, Mudn« 
pascar, lleunion. Arabia and Iran. 

There is some evidence suppestinp 
that ‘S'. h.riml»hiiiut has dcscloptsl 
sjM’cific adaptations to moltusc:in 
hf»sts in dilfercnt pisipraphical areas. 

For example, ('ottjKT (P.H7) rejiorts 
lalMirator>-bfisl H. fruurnhn of 
Kpyptian st<ick omiplctely refractory 
to iiifccti<in with miracMia from a 
West Afriesin .strain of the rchisto- 
some. 

/ittrfi;Ho//H.Tnfia Phn^r of (hr Life 
Cyrlr Within the mol- 
luse the minieidiiim is 
transforims] into a 
sinooth-'\ allis! s|>onM’> st. 

«lii<'h. ill turn. pn»- 
du(s*s a linKst tif d.iiipii- 
ter sJ),lnK•\^ts. Mmn- 
«hile the daiiEhtiT pn>- 
pen\ tmprate ihroiiph the 
I.Miqih s|vus-*of tin* mob 
lii'e nii<i i-stalili'h tliem- 
m-Ki-s in Ijmph simi*s*s 

b•^^hillc the dicr'ti\e plind, wlierp tbr\ Usume pri'atlv ilnnp.itts] and 
tiplitlj tvirk tlie orpan A«s«n!jiip ti* IvrijxT (llMo) the ends of the s,ssiii«l 
pt iienitKiTi •j¥ins-\ -t" are s»>Iitl, tait the w.ilN of the tiilinlf> nre ch Hnitc- nod 
tmii'jsiri lit. so that t!i«> iioarwbb niptiir»' «lmi ntteiiipts .sn* ni.ndr to 




rrntrii, nt .S<k(,fi»„Kwi at. »ri 

r f. orum. flui' 

arnt 4^1. iflafnU. <»r,rl,>ry jiofr 

pi rrnitat fuixlalni'nl. op oral |inr<>. tt, f-riilrkl xt'Vrr 
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tea^e tlicin out of the liost tissues. Upon maturity within tlie daughter 
sporocyst the bifid cercnrife escape through an opening of the distended 
integument of tlieir mothers, and arc discharged perimlically from the 
mollusc in swarms. According to Arciubald and Marshall (1932), ccrcarire 
are discharged from niiUnus irunatUis over a period of ten to seventy-five 
days. 

7’he Cercaria.—Thc cercaria (Fig. 25) of Schistosoma haematobium consists 
of an elongated oval body and a tail, winch comprise.s a trunk and two 
furcie. Wlien the cercarirc escape naturally from tlieir molluscan host 
(some six ecks or more after the miracidium finst enters t!ie snail) they are 
always mature. The integument of both l>oily and tail is provided with 
minute spines. Tlic tail is purely a larval structure, enabling tlie cercaria 
to swim about in a jerky, nervous manner during its free existence. On 
penetration into tlie definitive host the caiulal organ is left hehind. Al- 
though the cercaria is frequently quiet in an unconfinwl environment, its 
measurements are very difficult to determine accurately when under a 
microscopic cover-glass. Various authors have computed the length and 
breadth of relaxed specimens as follows: I.ength of body proper, 1-10 to 
240 ti; of tail trunk, 175 to 2.50 p; of furerc, GO to 100 p; breadtii of body, 
57 to 100 n; of tall trunk, 35 to 50 p. The body of the cercaria is provide 
w ith an anterior blind sucker (os), inc.'isiirlng al>out 57 to GO p in cross-sec- 
tion by 39 to (14 p In depth. 'Hic ventral sucker (r.»), wliicli is situated in 
tlie posterior fourth of the liody, Is very inucli smaller. The oral opening is 
a small pore (op) which lies ventral to the anterior sucker. It leads intoa 
capillary tube (the e.sopliagns) which ends in a .slightly hilohed pocket (c) 
in the mid-region of the body (the beginning of the furc.X“). There is no 
plmr\ ngea! spliincter. 'i'hc excretory system is Identical witli that of the 
cercaria* of ^S. viansotii and S.jajxmicum. There is a small sjiherieal cluster 
of genital cells (go) posterior to the ventral sucker. Kerve elements arc 
present posterior to the anterior sucker. 'l*he most conspicuou<? structures 
in the body of the cercaria? are the penetration glands (csgi, and csgi), with 
their sMoIIcn ducts (cgd), which open anteriorly through the i\all of tlic 
anterior sucker. Except for the type and number of these glands and for 
the somewhat larger size of the cercaria, this stage of Schistosoma hxmato- 
bium is not distinguishable from tlie cercaria* of the other human blood 
flukes In the case of the cercaria of S. hxmalobium (Fig. 25) these organs 
consist of three pairs of posteriorly situated unicellular glands, with homo- 
genous contents and a basophilic reaction, and two pairs of unicellular 
glands with granular contents and oxyphilic reaction, siturfted just in front 
of the former. These are in contrast to the four pairs of posteriorly dis- 
po'>cd basophilic glands and two pairs of anteriorly disposed <)X>philic 
glands of S. mansoni (Fig. 37) and the five pairs of glands of S. japoincum 
(Fig. 50), see also diagnostic table, p. 1G4). 

Infection of the Definitive Host.— On coming in contact iMth a mammal, 
the cercaria penetrates the skin by digreting its way through the Ia.\ers <» 
tissue, enters the venous circulation either directly or by way of lymph 
vessels, passes through the lungs to the systemic circulation and, on arri\ a 
in the portal system via the mcsSntcric arteries and capillaries, feeds on 
whole blood, grows, and, after migrating to the vesical venules .and col- 
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lateral plexuses, develops to adulthood. Tlic mhiiniuin period of incubation 
(i. e., that from exposure of the skin to the infective cercaria until the worms 
are sexually mature in the portal blood), is not less than one month, and is 
usually ten to twelve « eeks, although symptoms of orf^anic disease may not 
appear until montlis, possibly two years, later. 

Epidemiology.— Infection results from contact with water into which the 
certtiria* of the blood fluke have escsipcil from infected snails. In Kpypt and 
other endemic foci practically an entire population may be infected. The 
distribution of tlic disease incrc.ises as appropriate snails are carried in the 
waterways into pre\iousIy uninfected are.sH, or as hiimaji cjirricrs enter 
uninfected areas where the appropriate snails arc fount!, rariners, washer- 
w omen am! children are all periotlically exposed. The religious practices in 
Mohainmt'daii communities within endemic zones tend to increase both 
the pollution of the water and exposure to infection. The snails are the 
more eoinmtuily infected because they are scwaco-feetlcrs. Their presence 
and abumlance in a particular loc.ation is determincti by the amount, depth 
and fltiw of water, its cyclical increase and tieercasc, the consistency of the 
hotttun soil and its mineral content, the seasonal succession of acpiatic 
plants and of other fauna, the temperature of the water and the amount of 
sunlight and .shade 'Hicsc coinhiiic with the Imman factors to provide 
hea\y or scanty infection <if the .snail host, wldcli, in turn, furnishes the 
■■sewl” for human infection. In essentially all emicinic territory children 
an* more heavily and imirc frequently infoctorl than arc adults. In N’orlh- 
«Tn UlKxlesla IJIaekie (Id Ul) fouml the percentages of infecti*>n to he •fo.O 
for children and 20.(1 for their ciders. In Kg.'T>t, Scott (J!i37) found that 
piTennial irrigation from high-level canals the most important cause 
of hea\y Infection. 

Pathological and Clinical Aspects of Schlstoscmiasis Hamatobia.— Fehisto- 
somiasis Iin-matoliia is commonly rcferrtxl to in the literature as tesieal 
sehistosomiasi-., urinars schistosomiasis, Iiilharziasis, I)ilhar7in-.is, hilharri.i 
infedion, and emlcmie heinaturw. lliesc commonly emplcnetl names all 
n-fiT to the oiiiditinn imKiuced !»y the pn^seiice of adult Schhfafi.vin hsrtia- 
lofiiutu m the vesie:il mu! iJclviV plexuses and by (he* eggs, which are laid h\ 
the females and wlil<-li work their way thmiigli the !)l.iddrr wall am! sur- 
rounding tissues, .\s II matter of fact, the first stage of the infection afTeets 
entirel' other organs ami t issues than <lo the I.atcrst.ages, with chararteristie 
s\mi)toms of toxemia which are .similar in all thife ttnnmon tyjK-s of human 
M lll^tt>'omi.ls|s, s() that the tenn selii-tosomMsix Im-rnatolua is a more 
nj)pn>pri.ite designation than any <»r the moir e«inimonh nereptcsl names. 

Thr hinifKttiiin Pfrind. 'Hie first stage of the tli'ca'-e, m>inel\, ilic 
loTifxl, <ir tliat of insnsioii and maturation of the p.ir.nsile. w.ns 
stiulieil b\ I.nwton in .Vu'trnli.ni troops st.itionef] in Kgxpt in Idlfi and by 
rmrle% Ixitli in bumaii e:is<-s ami in experiment;dl\ infertfsl iiuuike.w. Jti 
iuMitioti, llirre is the c:w of neeulrntni infix-tion by (’awstoii, attpiirr*! 
wbile isillerting sii.niN along the banks «»f iiif«*stisl juxils in tlir of 

Durbin. N'nt.a! More ri-cenl infonnation irfemble to ibe e.sriy ivriis! of 
the (livciM* omtsTiis an .\iiiefieaii phxsicinn. a xlinieal paradtologi-t. nlio 
during the fiext wirk of .lime. lUIf xultint.'irib plans! 22.5 r» r«-ari.f of S. 
hy - itffJ-tiifi i>ji 111 - •‘kill and nine months liter was p.is-Jnr more llian 



114 


Tin: lWMA^' BLOOD FLUKES 


egKS daily. Kight weeks earlier the crrs were being diseliarged exclusively 
in the stools, with subjective and objective evidence between these two 
dates that the worms were migrating cn maaxc to the vesical plexus (Amber- 
son, 1940; Barlow and Meleney, 1949). 

. The earliest symptom which has been noted is a tingling sensation of the 
skin upon coming out of infested water after swimming, or an itching of the 
skin (Big. 14) on the part of persons constantly wading in such water. A 
few hours later small reddish petechia: may at times be ^und over areas of 
skin exposed to the infection for as short a times as fifteen seconds. These 
minute lesions, which are at the points where cercaria: have penetrated 
the skin and have reached the pcriplieral bloodvessels, entirely disappear in 
the course of a day or two. 

No further symptoms occur for n period of three weeks or sometimes as 
much as twelve weeks, when there is cither a gradual or a sudden onset of 
toxic symptoms, the latter usually being associated with some unusual 
bodily excrti»)n. These symptoms consists of anorexia, headache, malaise, 
generali7cd pains in the back and extremities, and febrile reaction in the 
late afternoon or evening, frequently accompanietl by rigor and sweating. 
There is commonly an urticarial rash which is most pronounced on the 
limbs but gradually liccomes gencralizwl over tbe body. Blood examination 
at this time shows a leukocytosis, with a marked eosinopbilia which fre- 
quently reaches 50 per cent or more. The abdomen often becomes dis- 
tended, liver and spleen become enlarged and tender, while sharp pains 
may be felt in the pericardial region ami respiration may become some\\hat 
difficult. There is usually no diarrhea or <lysentcry in typical uncompli- 
cated cases of bclustos(«niasis luemntobia. ]n areas where natives are 
constantly subject to reinfection, tbe uncomplicated symptoms of this 
period of the disease are <lifficu!t to recognize, particularly since urticaria 
is rarely seen 

The lesions produced during the pcriml of migrati(ni of Schiatoifoma liziiW' 
tobium from the skin to the portal blo<K|vcsseIs. consisting of hemorrhages in 
lymph nodes and capillaries and the accumulation of Ieukoc\ tes around the 
schistosomula lodged in the subcutaneous tissues, somatic inuscidatiire, 
intestinal wall, kidneys, diaphragm ami heart, have not been studic<l in this 
infection as intensively as they have in schistosomiasis japonica (Faust and 
Meleney, 1924) or schistosomiasis inansoni (Koppisch, 1937), but it seems 
reasonable to believe that they are similar. Nor have tbe lesions during the 
stage of maturation of the parasite been studied, except from the indirect 
evidence of the blood picture and of the generalized toxemia. 

Tkc Period of Egg l)e])osition and Ejetnmon . — Following the period of 
invasion and maturation of the parasite is that of egg deposition and extru- 
sion. Although the worms are presumably mature and the females are 
supposedly capable of laying eggs from four to five weeks after exposure to 
infection, several months may elapse before the bladder becomes involved, 
and before the characteristic terminal-spined eggs appear in the urine. In 
Cawston’s case eight and a half months intervened between the onset of 
toxic symptoms and the first appearance of eggs in the urine. During the 
latter part of this prepatent interval there are visually no special symptoms. 
The patient may become first aware of the disease by the painless passage 
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of hlood at tlic end of niictiirition. Tins may tontinue for \cars without 
subjective symptoms, during whirh timccftRs arc commonly evacuated in 
the urine. In other cases there are pro<lromcs consisting of headaclie, 
backache, lassitude, late afternoon fc\cr and freciucnt urge to urinate. 
Such epis(Kles may be of short duration, with syinptomlcss itJtervaN 
(Ockuly, lyjo). Sooner or later, however, a hurnlnp sensation is c.’cpcri- 
enced at the time of, and hetwceii, the jK-riiHls of micturition, and the 
desire to urinate more fr^piently l»ecomcs increasingly fell. In uncom* 
plicated cases ihill p.uns in the Joins and suprapubic region, nhdtuninaJ 
cramps and sharp colicky pains in the bladder njay be e.vpcricnwl. Kvam- 
ination of the inner end of the urethra and the adjacent region of the 



I 111 Cl Ilnilxiiiirti'KrBliIi lif litvl-lrr »lin «ll)i rcc* rif .S^-AifioiHimn hrt^lof lum 

Snt<* Iarr>* iulTiil«*f cif rsi~< bihI a fr» €•»«., liU'-V r<>litriil>) Tliry arr 

lra|i|^l in a ■li'tix' riUrolii* rnsliit >ri tlif* X lOO (OiiEinal. I In (‘raic 

i on«t’» tamiml ) 

bl.icldtr will show iinciKement of the iinitsius tiirmbnines and fnsiuentlv 
till' pn'vntr of p.ipilloniatou'' fold*, wlikli le.sd to a miMli.igno'is of 
p.ipill.irj niri iiioiiM {Milhr, lyK*). t'oiirrx'tioiis of iinV acid and ovnl.iti* 
< r> <tnls lire iml utimnitiioti in the luitieil of the hl.tiMer. Me:in while egg> 
tirnN |i i\e iMssune infill rateil anaind the |tn«'l,Tle or itiH> its ti't»iies. pnnhn'- 
itig indiiralion and <”Ui'iii2 tuahmess of the prost.ntie rtgion. I!\rii the 
iinie gi-mrutiM' orpiiis nod tlnir tnlnih-* ma\ Ixt-otin- iuMitveii in l!ie 
ci-oeml 

'llie iiKslniil'in fer drf«*«ltioii id the fires of h:t'-ui*'J'lun |ot<* the 
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Venules and extrusion into the wall of the bladder and the surrounding 
tissues has already been described (see pp. 108-109). Fairley has found 
that as many as twenty eggs may be deposited in n single venule having a 
diameter much less than that of the eggs, thus giving the “appearance of a 
string of rniniature sausages.” The blood current at times drives the termi- 
nal spine into the n^all of the venule. By means of this weapon, aided by 
the lytic substances elaborated by the enclosed larva and exuded through 
the egg shell, a way is made into the perivenous tissues. At first the only 
changes in tlic bladder wall are the injection of the small bloodvessels of the 
mucosa and very minute vesicular or papular elevations of the membrane, 
which, on microscopic examination, are found to contain eggs, surrounded 
by giant cells and leukocytes, including large numbers of eosinophils. 
According to Sorour (1930), the vesical veins may show organized throm- 
bosis with canalization near the worms. When an egg becomes lodged in a 
venule, it stimulates endothelial proliferation, and subendothelial prolifera- 
tion when the spine enters the vascular coat. In the muscle coat a typical 
abscess is formed around the egg. At a somewhat later stage the trigonum 
vesicse shows rounded patches of inflammatory thickening, which are super- 
ficially granular and full of gritty particles. On section the eggs are found 
to be abundantly distributed in the muscularis and submucosa and to a 
lesser e.xtent in the mucosa itself. (See Fig- 26.) Some occlude the blood- 
vessels. Most of those eggs are viable but some arc undergoing calcification. 
The inflammatory patches on the surface of the bladder may consist of 
sloughing tissue or phosphntic deposits around eggs, or both. 

In addition to the allergic manifestation of urticaria at times experienced 
by patients during the incubation period of schistosomiasis hcematobia, this 
same type of allergy, or bronchial asthma of schistosomal etiology, has 
been described for the acute stage of the disease (Mainzer, 1D3S). 

Tfie Stage of Tissue Proliferation and Repair.— The third stage is the 
stage of tissue jiroliferaiion and repair. It is initiated soon after egg e.ttrusion 
into the tissues and consists first of all of an increase in the pathological 
condition of the bladder, including hyperplasia of the wall, so that the 
symptoms gradually assume the condition of chronic cystitis, aggravated 
by secondary infection. In the bladder itself phosphatic deposits on the 
wall become more and more confluent so as to form the topical “sandy 
patches “ The urine changes from acid to alkali in reaction, with an 
abundance of mucus, pus and blood cells. The calculi in the bladder, 
which at first consisted of oxalates or uric acid crystals around eggs or a 
sloughed portion of a papilloma or a blood clot, may now be increased by 
the depositio ' ■ ' ' * ’ 

Infiltration c 
the mucosa. 

examination very difficult or even impossible. 

Meanwhile, the urethra is more and more involved and may become 
entirely occluded, either from general hjlierplasia or nodular swellings or 
from the attempted passage of purulent debris accumulated within the 
bladder. Likewise, the lower portion of the ureters may become affected 
and occasionally involvement may even reach the pelvis of the kidney. 
Concurrently schistosomiasis of the penis may develop, resulting m mdura- 
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tioii of the bhoutli and an ck'pliantoid ap|>earaiicc of the orj;an (rips. 27 
and 28) due to obstruction of the scrotal lymphatics. The invasion of 
pyopcnic orpanisins is not uncommon at this stage, giving rise to perivesical 
a7}d pcnnrctJjral abscesses, nhich break through into the bladder, or 
produce fistula; into tlic rectum, or may involve the entire scrotum and 
penis in midtiplc fisttda*. At times pus may ooze out of the .scarred and 
contractcil incatns as in gotinrrhea. In the female there are similar eh.inges 
in the vagina. The disease may even involve the uterus. 

This stage is aceoini)anied by e.\trcine weakness, emaciation nj«l intense 
pain in niictnrition. 

The intervals between peruKlsof mieturition become shorter and .sliorter 
and the amount of urine passetl at e.acli period l>ecoine:> smaller and .smaller, 
finall.N consisting «)f little else than pus 
and blood, which drihhie ont uno(»n- 
trolkfl. \Yith such profound invoKc* 
ment <if the entire urinary tract the 
patient grailually wastes away, or Ids 
demise ina\ he hastemsl by seeoiMlar\ 
septi«' invoKeinent, 

While the primary jjatlmlogical cliang- 
IS, in (“.ises of seliistosomiasts ha*m.*)tolMa 
iii\ olve the genitoMirinary system, other 
organs, particularly the liver, In which 
eggshaxehetsime hxlgcsl and arc sooner 
<ir later extra vnsatc*d into the tissues, or. 
at tirti(s,e\en dischargtsl int(>thehilwr.v 
tract, partake of the picture of hyiXT- 
plasj.'i followotl hy fibrosis nn<l lUTmtic 
•legeneratifiti. 'l’hc*sc possibilities must 
fie ttmsi<fer<sl in otimating the damage 
done in nn.\ jurlienlar infection. (lM)r 
the more severe involvement of the liver 
and spleen in schistosomiasis iiiansoni nn<l schisto-auniiisis j.a|)onle:i see 
pji. KJI atid l.VI. resjxctivel.v.) 

The high cstincithaiee of prininr.v v<*siej»l carcinoma and schistosomiasis 
of the l)l.j<ldrr in I/iwer Kgypt has for sexeral ilcs-adc-s supgestetl that the 
irritation prisluctsl li\ eggs of •'*. infiltrnttsl in tlie hhidder widl 

nin\ base earciiKigcnic pniiMrlie<. Ferguson (1013) has shown that in a 
large mlinlKT of esws of K-IdstosondasM lia'iimtohi.a in Kgspt tin. re are 
midignaiieies of the bladder, usiiall.vof the jKisterior wall (Fig. 2tt), although 
at turn's involving the entire organ Iletvnt studii's on this i.uhj(x-t have 
lat n pnblislnsl h.v Makar (10 11), Seamlar (1011), Oiis.v (1011) and Makar 
and Fnwzy (H117). 

In spite of the fart that hxviot<J>iu>’t has n sjxx'ial prrtlileetlun 

to invade the vesical veins, eggs are orrasiomlly passixl fnun the ventil*-s of 
tlie inferior nn''rntrrie vessels din'ctl.v into the wall of the ns t inn. am! an’ 
onuiatMi in the f«T«*s. while *rhisto*omnl np|wndi(itis. In vvhich i>.irflv 
<"alrtfi«s| eggs of .S' hxnnt'if'ium have Itren found In ifdlime*} fixi of the 
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appendiceal wall, is not uncommon in Egypt (Harris, 1929; Sargent, 1937; 
Kaufmann, 1937). Less commonly the eggs, or even the adult worms, may 
be carried to the lungs anti the eggs be filtered out in these organs, thus 



requiring differentiation from pulmonary tuberculosis. Rarely the eggs 
may reach tiie brain, spinal cord, conjunctivre, myocardium or skin and 
produce s^vmptoms referable to these organs and tissues (Faust, 1948). ^ 

Diagnosis.— During the period 
of invasion and maturation of 
the parasite no positive diagno- 
sis can be made, although the 
patient’s history and the blood 
picture ma.\ be suggestive of 
schistosomiasis. Practically all 
native cases, however, are more 
advanced vhen they appear in 
the clinic Cystoscopic and dig- 
ital examination through the rec- 
tum will afford considerable 
assistance, while hematuria is 
an almost hvnriahle accompa- 
niment of the disease. The find- 
ing of Schistosoma hsrnatobiwn 
eggs in the urine following sedi- 
mentation or eentrifugalization, 
especially in the last portion 

voided, is the most definite diag- 
nostic demonstration. At times 
a biopsied specimen removed 
from the bladder ^ali through a 
cystoscope will provide desirable 
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confirmatory evidence. It is p»»ssible tliat e^s, rccovere<l from the urine, 
or e\en from the feces, and <lia{»nos«I as those of Schhiofovia borh, S. 
vxttUhci, S. spindnle, etc., may actually have l)ccn unusual forms of iS\ kxmn- 
inhiim epRs. Fairley's complement-fixation reaction (p. (502) is helpful in 
early c;»ses or in ilotihtful t“.ises in uhieh epps cannf)t he re<‘overi'd from the 
urine. Khalil and Hassan (1032) have fotitu! an increase in the serum 
etiplohulin fri a small percentnpc of cases, usually those with cnlarpcd 
spleens. These ^\orkers .state that the excess of euplobulln is not as pro- 
nounced as it is in kala arar, and that it is not related to the severity of the 
disease nor to the vial>Ility of the worms. Thcdise.ase must he difTerentiatc<l 
from renal calculus, from acute nephritis, from henipn papillomata and 
malipnant <Iisease of the bladder, hemoplohinuria, oxaluria, and tuberculous 
lesions of the urinary tract, as well as filarial elephantiasis. 

Therapeusis. — Sympfoxnnlic trrutment. — lliis is not in itself of preat 
benefit, since the loop life of the parasite (twenty \cars or more) makes it 
likely that continuous extrusion of epps into tltc region of the bladder will 
appravate rather than simplify the condition. 

Jh/ih(o».v hir/ro/M.— Tartar emetic (i. c., |M)tassiiun antimony tartnite) 
and s<Mliiim antimoin tartrate arc specific therapeutics and, in cases in 
which the urinary tract has n<»t been profomully afTecteil, intrasenous injec- 
tion of tlu-'C drops hriiips alioiit Ripid improvement, «hile a sufficient 
exmrse of treatment elfects n permanent cure, llecau'c of its losser toxicity, 
schIiuu) antimony tartrate is tlie drop of cliokv for illt^a^enou5 use, nml 
may he piven to the majority of cases ns out-patients. IIowcNcr, tartar 
emetic is somewhat ehca|KT. and K more stable in solution. Khali! and Ids 
colJeapiies in Fpnpt adudnister the hitter drop in n l» jmt iimt solution, 
coverinp a periul of hair \\<rks, as follows: 


Fir»« 

S<rv>tMl «n>k 
Thir.l •rok 
I wirlli »«'«‘k 


M( «( tmltumtn •nlitnt.nv ItrOki* 
l^r»^ S*»wirl Thihl 

r.n 00 Ikii 

120 12t» 1211 

ICO 120 1>0 

120 12(1 IJll 


Mo't elirdc inns jircfcr to einjdox ii2imt cent ore\en a 1 jmt cx*nt .solution 
of tartar emetic, admini>-tcrinp a proj»ortioii.illy pniiter muniMT of ec’s of 
the drop, ill order to ixslmx* irritation of tlie hniiu Idal epitlieliiim and mw ere 
n.iiiM-a. Fora four-wcck*s<-otirM*«»f treatment with a I jht (vnt solution, 
adminUtered llirts* times u wix-k. the iiiiti.il doM* is I if., tlie siixind is (I if., 
the third is S !•(•., the foiirlli K Ih <x‘., tlie fifth tlmaiph the fiftixaith is 12 <f , 
endi, and the total of KVI ix*. if ntaiiis |M>tussIiiin alltinlon^ Inrtnite 

(or 0..‘i7(> (ini .'sli ). If the -iihitioii is made u}! in ph> siolopic «nlt •uilii- 
tion its nilmini-tnition is iN-tter tolenitei). 

.\ttunpts !ia\e 1 ks-ii ni.ide !»> vnne workers {.\|\e> and 111 dr. llMh. with 
mmIIiiio nnliinoiiN tartrate, Seitr. llMti. with the Mine ilrmr, and Mills, 
with stilKiphrn and antldoiiinline) to mrry out iiiten<iM‘, rapid 
fmifiiiciit ^awsfrift (tUtT) sfafrs (hiinis of niff fiv tin's pfiKTsftirr 
■*i-an Tiot lie-ar can-fiil •erutiiix. for there is no known way of tillinp for 
nhsolute fxrtaintv lli.it all ss*lii»tiwiini*s ha\r Nsn de»tro.Msl onn* tliev 
lirpe Mood p.ini»iles ln\e pilnnl an eiitrx into the »\steni, exirpt h\ j*ifl 
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mortem evidence.” If possible, it is desirable that ambulatory patients 
remain in a recumbent position for at least one hour after each treatment, 
to reduce irritation of the lung tissues. 

For women and children the dosage is reduced, as it is also when dizziness 
and vomiting occur. 

It must be remembered that tartar emetic is not only a local irritant, hut 
depresses the circulation, respiration, and tonus of the central nervous 
system. Its use is contraindicatwl in diseases of the heart, lungs, kidneys, 
and in advanced hepatic cirrhosis. Experience has shown, however, that 
death as a result of its administration occurs in only about one-tenth of 
1 per cent of treated jiatients. 

For intra\ enous ailministration of antimony compounds the usual aseptic 
precautions must be observed, and great care must he exercised not to 
allow even a drop of the solution to get outside of the vein, else intense pain, 
at times followed by sloughing of tlie surrounding tissues, may result. 

Tnivlcnt Antiniony Compounds.— I'or most patients sufTering from 
schistosomiasis haunatobia the use of the synthetic antimony preparation, 
neoantimosan (fuadin, siibophcn) is preferred to that of the previously 
mentioned antimony compounds. It is claimed to be as efficacious as 
sodium antimony tartrate, is administered intramuscularly, does not cause 
irritation and possible tissue necrosis at the site of introduction, and 
usually produces no nausea, vomiting, coughing, rigors, or detectable 
damage to the liver. According to Khalil and Betachc (1930), a full course 
of treatment consists in the intramuscular injection of a 0.3 per cent solution 
ns follows: first day, 1.5 cc.; second day, 3.5 cc.; and on eight alternate 
da.\ s, from the third through the seventeenth, 5 cc. (total, *15 cc., containing 
0.392 Gm. Sb). More recent evaluation of this preparation indicates that 
the cure rate witli this amount of the drug is relatively low, and that Co to 
100 cc. (containing 0.500 to 0.870 Gm. Sb) must be administered in order to 
approach the efficiency rating of the antimony tartrates. 

Another synthetic trivalent antimonini which has had considerable 
clinical trial is anthiomaline (lithium antimony thiomalate). This is rela- 
tively unstable in solution but, like fuadin, has the advantage of intra- 
muscular administration. However, there is no proof that it is superior to 
fuadin and its cure rate is certainly less than that of the antimony tartrates 

Miracil D. This preparation (l-mcthyl-l-betadiethyl-aininoethylamino- 
thioxanthone hydrochloride) was developed by Mauss and found h.' 
Kikuth and Gonnert to have appreciable therapeutic effect in mice and 
monkeys e.xperiraentally infect^ with Schistosoma mansoni. Hawking 
and Ross (1948), studying the pharmacology of this drug administered 
by mouth to human volunteers, found 0.2 Gm. per day to be the maximum 
tolerated dose. Halawani, ^Yatson, Nor El-Din, Hafez and Dawood (1948) 
tested Its anti-schistosomal effect on 60 Egj'ptian patients infected with 
S. hxmatobium and S. mansoni. Activity was demonstrated only when 
10 to 20 mgm. amounts per kilogram of body weight were taken daily for 
seven to eight days, with a blood level of 300 micrograms per cent. Toxic 
side-effects included insomnia, headache, giddiness, vertigo, excep sweat- 
ing, tremors, twitching, abdominal colic, nausea, anorexia, and with larger 
doses a yellow skin discoloration. 
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In nfl\ancc<l cases, where the hlndtlcr and surrounding tibsues have been 
profoundly affected, specific thempeusis can avail little, and is probably 
contraindicated. Surgical treatment is indicated in case of bladder calculi, 
neoplasms and fistula?, ^\liilc sulfonamides or other well-knoun antiseptics 
may be helpful in clearing up pyogenic infections. In both curalile and 
non-cttrable ra'^es palliative and tonic treatment is often advisable. 



I «i an Srlit.i.M Brr« In N*tnl. K>uih .Sfnnt A lor’* {•* I.*' 

•m. /r l»>ri in Inlr'IM |•■4 >.» I y l»f I , (j (‘•■•'on) 

Procnosli is ii'tnlly p«»I in rarlx inbtii'inx, prt>\ii!*-«l n«lr»iu.ntr 

•>I»reifir trr.alinrnt !» ndmiilixtrml in lime; fair !»• in rbmtiir infr^-timi 
in nliirh omipllmlion' ba'c dr\rl'»pnl. 
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Control.— All workers agree that infection with Schistosoma hxmatobium 
is acquired through contact with “infected water,” and that the infective 
stage of the organism is the cercaria which has been liberated from the 
molluscan intermediate host of the fluke. In Egypt, where most considera- 
tion has been given to studying the epidemiology of the infection, every 
province of the country is known to be infected, the incidence of infection 
(according to a survey quoted by Khalil) varying from 08.4 to 91 per cent. 
Furthermore, the disease has tended to increase as the irrigation projects 
from the Nile have been extended into previously arid districts. The 
distribution of the snails is such as to cause the cercarise to be present not 


ing in the canals and the children bathing in the larger bodies of water, are 
constantly exposed to the infection, while ccrcariae taken into the mouth 
with raw drinking water constitute an additional hazard. 

The vicious cycle is increased the more by the observance of certain 
religious practices. The I^Tohammedan religion prescribes that the urethral 
and anal openings be washed with water after urination or defecation. Male 
villagers therefore seek the bank of the nearest water course into which they 
urinate or defecate in order to wash afterwards. Thus a rite, originally 
intended to foster cleanliness, has been turned into a most dangerous 
practice. This occurs in spite of Mohammedan condemnation of the 
pollution of water courses with human excreta, unless the volume of water 
is large and the flow is considerable, which is not true of most of the irriga- 
tion canals. 

In South Africa Cawston found that the infested portion of the water 
courses lies in the pools and along the river banks below the discharge of 

sewage from towns and cities, ' ' ■ »pt to 

wade about and bathe (Fig. 3 ' Leone 

where Blacklock studied the p . 

found in pools, below latrines, where the villagers wash and bathe. Thus, 
the infected areas may be roughly divided Into two groups, namelj, (1) 
those in which all of the fresh water is more or less contaminated by infected 
excreta, and (2) those in which infection is localized in or below community 
latrines or w’here sew’age enters a water course. All of the data show that 
the snails involved are sewage-feeders. 

With the discovery of tartar emetic as a specific therapeutic, for a period 
of approximately ten Nears attempts were made in and around Cairo and 
Khartoum to decrease the amount of the infection in these areas by mass 
therapy. Thousands of cases w’ere successfully treated, but the constant 
exposure of individuals to reinfection, and the apparent lack of immunitj to 
subsequent infections on the part of previouslj' infected persons, demon- 
strated that this procedure w’as impractical as a single public healt i 
measure. . , • i 

All investigators agree that much good should result from ediicationa 
propaganda concerning the disposal of excreta. In the Egyptian ^‘idan it 
has been recommended that the following measures should be underta 'cn 
to prevent the pollution of streams and canals: all waterways near m ages 
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slioiild he fciiml; suitable latrines s-liould Ik* pn)vided,and no xillaffeshnuld 
be plaml within 3(M) meters of streams or irrigation jjrojwt.s. 

Kolloning the rec'oinineiidations of Ix'iper, Khalil claimed tliat mueli 
may be expeete<l iji lu'vpt in com'erted attempts tt> exterminate the snail 
hosts, utiliziiiK the (ombitufl elfcets of desk'csttion during the intervals 
when the eatial sluiceways are elosisl, and trejitinp dry csinaN with chopper 
sulfate, btit Harlow (lfl3o) demonstrated that some of the snails may burrow 
into the mtid and sur\i\e attempts at eradic:jtion. Morwvcr, Khalil 
(1932) has found e\ iflencc that IhiUnus snails reach Kpypt from the south, 
and arecarrie<I into small canals and ditcln^ during flood waters. However, 
the winter chfsure of irrigation waterways in Kpypt does kill man\ of the 
snails, even thouj;li the maj<»rity may sur\ i\e one hundred and eijthty da\ s 
of dr.sinn. Furthermore, the snails which survive several months of 
desicejition beetime j>raetl«dl\ free of hhiod fluke infection. Thus, the 
danj,Tr frtim such snails is re<hict“<l to a minimtnn until they, or their 
jirof'eny, become reinfeetwl from human stmrets (Harlow, 193.>). 

Harlow an<l Abdel Arim (19l.">, lOJfl, 1917) empbasj/e the importance of 
clearing Hulniuf tninralu.i out of .small streams In repeated use of hand 
nets. Areas .should first be tnappetl totletermine the prt'senre of the snails, 
then wctsls removtsl mechaniealiv, after which snails shouM be scntpetl off 
the top laser of oore with hatul net.s. ('op|H*r sulfate (lo to .V) ppm) should 
be left t<i act for three or four«la\s. ((‘tipper earlxin.ate has to becmpknetl 
in pjim f«ir comparable efilcicney.) 

AftiT more than a tpiarter triitury of hitensiw campaigns In Kj;ypt. 
bej:imun>: with therapeutic proplix laxis, then turning to elfort.s to kill tiff 
tlie snails b.\ desiecatiou. sulfathm ami iktuhHc clearing out of water plants 
and snails, there are indieattons that the tlt'^ease is )>eiiiK hrou;:ht utiiler 
(‘(intro!. Another (ptarter century of continued efforts should rt‘snli In 
almost complete eradiesition of the di'easc in I’>:.vpt. 
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SrinsTfi^iOM \ S. JAmNiri'M. S. iinvis, S. si'INdalk \nd 

S. iNcor.NiTUM, THE Causative Ouowisst.s of Intestinal 
ScnrsTOsoMi \sis. Cekcaria Dermatitis. 

Schistosoma mansoni Smnlmn, 19()7. — (ISIiuisoii's Ijlood fluke, cnusiiip 
intestinal and liej)atie schistosomiasis.) 

Synonyms. — Di8to}na hxmatobmm Itilharz, 1852^ jiro jxirte, Ihlliarz, Loo'*?, et al , 
Schislosomum amcricnniim da SiKti, 1909. 

Historical Data.— In his oriRinal researches on liuman blood flukes in Egypt, 
Billiarz noted that certain female worms contained latcral-spined cpgs Son'jino 
and Manson both believed such worms to be fcparate and distinct species from 
those producing terininal-spined eggs- Tlie observations of Castcllani in Uganda 
(1902) and of Manson (1902), Gonzalez Martinez (1904) and Letullc (1904) in 
the West Indies sserved to ahow a aomewhat different geograplncal distribution of t!ie 
w ornis with the two types of e«»^. 

In 1907 Pamhon proposed the species name Miansent for tlie worms jiroducing the 
latcral-spined eggs, basing his proiiosal not only on tlie different size and shape of 
the eggs from those of tlic typical S. hxinatohium, and the different geographical 
distnlnition of tlic two typos, but al<o on the grounds that tlie female worms of the 
two types were difTcrent, in that the one only produced latcral-spined eggs, while 
the other only jiroduccd Icrminal-spincd c^s, and, furthermore, on the fact that 
latcral-spined eggs were only recovered from the fcccs, while tcrminal-apijicd eggs 
appeared almost e\clu&ivcly m the urine. Da Silva (1008) first described the 
greater number of testes in the male 5. tnamoni. The w'ork of Flu (1011) in Surinam 
and Kisquez (1918) in Venezuela served to substantiate Sambon’s view* and sliowcd 
that S. mansom lived m the mcscntcnc veins while S- hxmatobhm resided for the 
most part in the vesical and pelvic plexuses. Tfiese views were bitterly opposed by 
Looss, who believed the latcral-spined eggs to be unfertilized varieties of terminal- 
spmed ones However, m 1915 Leiper demonstrated experimentally that the two 
species were distinct and that the one {5. mansoni) was the causative agent of 
intestinal schistosomiasis, while the other (5. A;Emtifo6iwm) was responsible for 
vesical schistosomiasis. The data of Chalmers and Pekkola (1917), Lutz (191f>-1919) 
and Iturbe (1917) xvere all m accord with Lciper’s findings. 

Geographical Distribution.— Schistosomiasis mansoni (Fig. 31) 
the low er Kile delta, where it is particularly common in the male fellaheen 
population. Girees (1934) reports up to 53 per cent incidence in some 
localities. Froj 

(0.1 to 0.3 per • ' * 

widespread in the Upper Sudan, especially in the White Kne i lywiii-i.. 
Cicchitto (1938) found a . ■ .f i5 

found from Eritrea (scai 

through Uganda (30 per ■ ■ * 

17 per cent in the Lake Proxdnce area), K’yasaJand (.^U to '-'■J')-" 

Portuguese E. Africa, Northern Rhodesia (0 to 61 per cent, Hlackie, 
1946) and Southern Rhodesia (3 to 16 per cent, widel.x distributed) and 
(124) 
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south to Natal (1.4 per cent). It is frequently recorded from Mada^asesir 
(IG to 37 per cent in the soutli and east). Autochthonous eases are known 
from the Transvaal. On the West Coast the infection is found in Senepal, 
the Camcroons, Dahomey, French Guinea and inland to the Lake Chad 
district (2 to 15 per cent). It is common throuph the Conpo basin, espe- 
cially in the northeast and lo^ cr Conpo repions. Preston (1033) reported a 
focus of infection in Sierra Ixmne. Cases are recorded for Liberia and 
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British Xifit-ria. Antoclithonons ciiscs liavt* Iktii (iiagiiost'd in Yemen 
(Anihiii). 

Ill the Americas intestinal schlstosoiniasis is coniTiion in several states of 
Brazil and ^’cnezuela and occurs in Dutch Guiana. For Brazil I’lnto (1945) 
lists the followiiifi states in which the disease Is endeinie, to^'ether with the 
approximate percentaj'e ineideiiee i»as»*<f on survey.s: Fnra (d foci), 0.18- 
1.9; Piauhy ^me focus), 0.5; ('cara (5 foci), ().22-.").21 ; Hio Grande do 
Xorte (4 foci), 1.95; Paraliyha (11 foci), 2.7-8.(); I’ernamlmco ((»5 foci), 
.'{.0-40.0; AhiRoas (20 foci), 5.2-52.0; Sergipe (10 foci), 11.8-10.2; Bahia 
(.'{7 foci, 5.0-!{.'l.d; Minas Gerais ('{'I foci), 7.0-70.0; Ksfiirito Santo (one 
focus), l{.4; Bio de .hinelro (5 ftfci), 0.5-1.4; Sao I’aiilo (Santos focus), 
9..‘{; Parana, one focus; Amazonas, one focus; Acre, one focus, and .Matto 
Gro.sso, one focus. About 2,S00,(HK) per>ons in the Brazilian fiK-i arc 
infected. (Alves Meira, 1917, slates that this estimate is too i-onscrvative. 




Tk.. ^ 1 —.Ulterior p»d of miJr 
Fehiitotomn mantont, bIioimhC 
rrjirodurtoo oreniis. OP- Efnital 
l>ore: 1. two of the (Ongi- 

nnl.) 


.since the available data are sranty and in most Rur\ey.s are ha.sed on a 
single stool specimen per individual <»r on a single diagnostic technic.) ear 
Venezuela Luttermoser (194.5) 1ms confinned by careful cpltl^einiological 
surveys the heavy cndcmicity of the disease in the ^ alley of Caraais anc 
around Lake Valencia, while there is suspicion that it exists also in Caripe, 
State of Monagas (Bricefio-Iragorry, 1947). Snapper (unpuhlishcd repor , 
1943) found a high incidence of sclustos<iiniasis inansoni in Dutch Guiana 
(Surinam), especially in rural areas. . . 

It is known to be present in sevend of the Lesser Antilles, including 
Guadeloupe, Martinicpie, St. Lucia, St. Kitts, Xevis, IMontserrat, • 
Martin, St. Christopher and Vieques. It also occurs as an important 
infection in several foci in Puerto Rico (approximately 10 per cent o le 
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island’s total population). Its prepuce in the Douiinican Ilopublic' Cffpion 
of Ilato Mayor) lias liccn substantiated by I’iincntal Imbert (lU.'iS) and 
Ponce Pinedo (1942, 1947). No other country in the Americas has been 
demonstrated to have endemic scliKtosomiasIs. Stoll’s estimate of the 
world incidence of Manson's schistosomiasis is 29.2 million, of wliich 
2^1 million are allocated to Africa and the remainder to tropical America. 
Patients with S. viansonicpps in their stools have been report e<i from North 
America but no autochthonous case is yet known from this continent. 

In Africa schistosomiasis inansoni is frequently coexistent with schisto- 
somiasis hawatobia, from which it must be difTcrentlatwl; in the New 
World it is the only human blood fluke infection. 

Structure and Life Cycle.— In Rimeral the adult male and female of Schht(>- 
^(um maMoni (Pip. ^12) resemble tbosoof S. hxmaUiJnum. The female is some 
what smaller than that of S. hxmaltifiiuM, mcasnrinp from 7.2 to 14 mm. 
in lenpth. The ovary lies in the anterior half of the IkwIv just in front of the 
junction of the intestinal occti. At the |K)sterior end of the ovary, joininp 
tlie jiroximal end of the oviduct, there Is a small, retort-sliapcd seminal 
rec'cptacle. The \ itollaria are more niimennis than those in *S'. hxiuniohiuvi, 
occupy inp the posterior half of the IkmIj'. On the other hand the uterus is 
very short and contains one or at most only a very few latcral-spinwl epp^. 
The male is also sllplitly slmrtcr than that of S. hxinniolnum, hnvinp a 
lenpth of 0 4 to 9.9 mm. The iiitcpunieiitnry tnlierciilatioiis of the male 
are more prominent than those of S. hxntalnhUm males. The testes numlier 
six to nine (Pip. X\) and an wpial iiumiHT of efTcrent ducts lend into the 
vas deferens wliich swells to form the siuninnl vesicle. The l.atfer orpan 
opens throuph a non-muscul.ir cimis tid)e Into the penifn! fMire, whicli is 
situatisl just posterior to the ventral sucker. 

.\dult " onus of tlii'> «|K'Ck*s usually reside in the mc'enterie \ eins. At the 
tune of ovjpo".ition the foinaI<*s an* charactoriNtically held hy the mah's in 
the small venules Mipplyiup the iiit<‘stinnl wall, where each female de})odts 
an epp, n*lr»*ats a hit, then l.ays niiotlier epp. nixl so on, until the vemile is 
dlsteiuhsl to the burstinp jHiint. 'ilie laterally sitn.itisl .spine temls tomfeh 
m the intima of the s ess4. 'Ilie ohstnietion of the vein l>y mule and female 
worms niicl the .secn-tiori of lytic juiei*s by inatiin’ larva* throuph minute 


are soon st*t fnr into the intestln.il lumen tops-llier with a small efTha*nt of 
btocxl. As It is nsH'ere«l fnim the feces (Pip. Ill) the «*pp is usu.dls fuMx 
maturr*. It is o\al at InuIi ends nod is pnoitinl with a sli.ir]) I, item! spine. 
It averapes fnim II I p to J7.‘i p in lenpth by 4." to t'A p in trnus\ers<* 
diameter. 'Hie eneloMs! niinteidiitiii (Pip. Ilo), with an n\« rape mensun*- 
nient of nUmt 1 10 b\ IM’i p. is soinewlial karpiT than tliat ♦>! .V. hxniiitiJiiiit’i 
(Pip 211) 'Ilie riliatnl epithi liiilii niicI the internal orp.niir.Ttam are \eT\ 
inmh like th<w «if the mir.iriili.i of hxinatxf'iiin .and .s' Jn/tminn't 
'Hie TiKi't rtJti'pK lauis diiTrn-mv is tlienlatixrh larpersirMif tho niilir- 
lor piir of |wmtration phiwls (#y) nml of the primilixe put (/»?). whhh 
stnatiires n*ti'iih rahlx oxerl’p the literal jwm trali'Ui plniiib. 

\\ Jh n slouls n-nl.tuiinp erp' of .**. nr>* dihilnl x\ ith rami or | moil 
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water, hatching occurs rather soon and the iniracidia escape through a . 
break in the shell. The free-swimming existence of the miracidium is 
similar to that of S. hxmatohium. On coming in contact with the appro- 
priate molluscan host (Fig. 36), the larva attacks and penetrates the soft 
tissues of the snail. In Lower EgjTJt and Eritrea the commonly infected 
snail is Planorbis {Biomphalaria) hoissyi. In Upper Egypt and the Anglo- 
Egyptian Sudan P. (Bicmphalaria) alexandrinns, P. {B.) pfeifferi and P. 
(JS.) rnppe//ii apparently are the most susceptible hosts, although P. (5.) 
boissyi may be occasionally involved. In Nyasaland P. svdanicjis is report- 
ed as the molluscan host. P. (B.) ruppellii is also known as an intermedi- 
ate host in Eritrea and Ethiopia, and the common one in the French Sudan 
and the Belgian Congo ( = P. adowcnsia as reported in the literature for this 
area). In French Guinea, Sierra Leone, 
Liberia, Nigeria, Tanganyika, Rho- 
desia and Natal P. (P.) pfeifferih the 
common mollusc involved, although 
Physopsis africana and Bulinus tropi- 
cus are reported as frequently found 
infected in Portuguese East Africa and 
the Union of South Africa. In i^Iada- 
gascar the snail incriminated is P. (P-) 
pfcifferi var. madagascariensis. The 
molluscan hosts have not been deter- 
mined for the Gold Coast , Dahomey* 
French Equatorial Africa (including 
the Lake Chad area), Uganda, Kenya 
or Zanzibar. The incrimination of J/W* 
onoides iuberoulaiua in the Lower Shire 
District, Nyas-aland, requires verifica- 
tion. 

In the Western Hemisphere Austro- 
lorbis glabratus is the molluscan host in 
Puerto Rico, Vieques, the Virgin 
Islands, Guadeloupe, Venezuela and 
Dutch Guiana. It is also the sole or 
predominant host in parts of Brazil, 
although Tropicorbis centimelrahs has 
been found naturally infected in the 
States of Minas Gerais, Sergipe and elsewhere in the North. A. 
is the responsible snail in St. Martin, Montserrat, St. Kitts, An igua 
St. Lucia. Experimentally Drepanotrema cidtratus in \ enezue a 

Tropicorbis "katanensis" collected in Louisiana have proven suscep • . 

infection. Cram (1947) suggests that A. glabratus is a more / 
adapted host than P. pfeifferi and that Tropicorbis is still more re 
becoming an acceptable host. _ , /loim 

McQuay (1948) has confirmed the observation of Cram and { 

that Propicorfew sp. from Baton Rouge, La. is e^erimentallj Trnni- 

experimental molluscan host, although a closely related species ^ ^ 

rorbis from Audubon Park, New Orleans appears to be refrnc or.^ 



Flo 3^. — Mature ogc of Schistosoma 
vxansoni, with enclosed miracidium viewed 
from the dorsal aspect, em, embryonic 
membrane X 500 (Orieinal > 
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tinn; wliilc Files and Cram (1918) report that, in acidition to the Hatori 
Rouge Tropicorbh, T. hmenensia from Cuba is sitsceptible to cxiierlmcntal 
infection. 

The development of S. mansoni within the tuollusc parallels that of 5. 
hanmfohium, involving two generations of sporocysts and the eventual 
formation of cercarifc within the brood cavity of the second generation 
sporocysts. Lutz (1919), Urumpt (1940) and Maldonado and Acosta- 
Matien/o (1947) report that the miraeidium, entering the snail through the 
head-foot, tentacles or mantle collar, 
transforms in two «lays into a highly 
convoluted tubule. Heginningon the 
fourth day muncrousdaughtersponv 


IIofTnian (19.'}4) and Gordon, Davey 
and I'caston (lO.!!) record nnicb 
slower de\clopnu'nt of tlie primarx 
sjjorocysts and more aecelcratc<l 
growth after the tenth <la\ The 
mature (vrcjiria* first emerge from 
the l.Muph spaces bathing the di- 
gestive gland of the snail about four 
weeks after exfxi'Ure Ut infection 
(I'ig. 117). They are di'charg«sl into 
the hurroundttig water in the pres- 
ence of dir<‘ct sunlight, from alMuit 
9 \.M to 2 I'.sf., but their emerg- 
ence is partly inhibitisl at temper- 
ntur<‘s of 21 to 211® t'., csK»|cr than 
thii'C prevailing in mo'Nt endemic 
areas. 'I'liey an- siijK*rfieiaIIy \erx 
tiiuili like th<*M* of S. hxiitaUJitinu 
(I’ig. 2.'*)- nies are somewhat .small- 
er, has ing In <ly mea*un*ments{»f ISo 
U\ 2110 fi in Ungth b\ To to UO in 
breailth: a tail Iniii'k IS-'i to .TOtl n 
long b\ 00 to 7.J ft in rniss-«»Ttion 
anil furca* .V) to 7.") n l<»ng. 'Ilic 

|H*nctrati<Pti gl.itnN of iS’ ninnnuit 

•'•insist of two anteri«»f pairs xxiili gnimil.tr tstntcnts nml tixx philic na*- 
tioii aii<l four rinr pairs w itli mitcoid contents nml b.is<iphij[(‘ r(-:u tiun 
\ nninlx r of worki rs Imxe failni to fiinl mon* than three p.iir- of gl.ind- 
w ith miitsiid. iMMipliilie enntt nts hihI l>r!k\e tliere are no n li.able t'rilt ri ■ 
for the tlifTen iitLition of the rsTctirie of the Inmian schinttwitoi-s. 

Viider optimum (sii!«rilh>n« the infedni snails will rt>ntinne to dlss h.ar;.*- 
ts-reari.s of .V. for mans tl.avs, c\rn up to twti or ihn-e inouth* 

raU't and MufTni in ( 19‘M) haxr «“ih-til.-it»s| that a sin;:le minicMiiirii of this 
sjxs i«-s. wliii h li.\s |M Ilf I nit n I inti> pAdrnfnf »t»f! Ins |iTs»t.-ih«l 



•r»tro'>r tlsfiil. f. riln *p 

rxrtrXnry tt, noflcry lulmtf' fr 
flAtiM* frll. pc. rrrm InIN t.//, lilrral 
cUti'l*. p) lomiiitfi rut 
X Oo (Ontinal I 
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with its normal development without undue injury to the snail, may be 
responsible for the production of many tens of thousands of viable cercarite. 

The free-living cercaria, following emergence from the snail, alternately 
swims about vigorously in the water and comes to rest on the underside of 
the surface films, on objects in the water or at the bottom. It secures no 
nourishment while in the ^\•ater, rapidly exhausts its food reserve and must 
find a mammalian host within thirty hours or die of inanition. 

In addition to man susceptible hosts include young dogs. Old and New 
World monkeys, several species of rodents, especially mice and hamsters, 
and the armadillo, Eupkracius sexcinctu.i (Pinto and de Almeida, 1945). 

The method by which cerc.arise of this species attack and invade the 
mammalian host, and migrate through its body to the portal system, does 
not vary significantly from that of S. haematobium. According to Pinto 
and de Almeida (1945) they penetrate at any point on the surface of the 
skin to which they become attached or enter a liair follicle, lysing cells very 
rapidly, so that they reach the dermis within fifteen minutes. Once the 
young vorms reach the portal blood and begin to obtain nourishment, 



tio JO— Molluscan hosts of Schittotoma tnansom. A, Planorbu fcoi'Mtfl from iJEypt, 
AuitraJerbts glabralus (syn P ffuadeloupentts) from VenMucla, C, A. fffabralut, living 
feeding, from Puerto Rico /I, B, natural size, original photographs; C, X 1 J. from Faust an 
Hoffman, courtesy of Puerto Rico Journal of Public Health and Trop Med. 


unlike S, joyonicum, they do not Immediately lodge in the intrah^atic 
portal vessels, but usually return to the lungs and circulate through the 
blood stream one to se\eral times before settling doun to mature m the 
portal vessels. The incubation period in the human host is about se\en 
weeks. Previous to the end of this prepatent period the adolescent f\orms 
have usually migrated out of the intrahepatic portal vessels, most fr^ 
quently into ileo-colic and colic branches of the superior mesenteric vein 
and the colic branch of the inferior mesenteric vein, where they mature, 
copulate, and the females begin to oviposit. . 

Occasionally the a<lult paired worms may tra\el ria the accessory por a 
vessels and be carried to the pulmonary arterioles (Day, 1937, Koppisci. 
1937 ). . 

Epidemiology.— In endemic zones where the appropriate snails are presen 
in water supplies, promiscuous defecation of infected persons frequen 
provides the material for infection in the snails. Sewage from towns m 
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infectu<l f<(ci. emptying into the watonvays, a<!(is to tlu* jjollution of tlie 
vatcr. Sinco there* are no common rci>orvoir host*«, the c\clc is clianicter- 
istically from man to water to snail to water to man. Although urban 
infection has l)cen dcmonstratctl in Puerto Uico, Venezuela and Hrazil. 
.schistosomiasis mansoni is jircslomiiiantly a rural disease, where human 
excreta may reacli the water near dwellings, in rice fields, irrigation canals 
in sugjir cjine plantations or other bodies 



of water in wliieh the snails abound. 
In the outskirts of S.tntos. Prazil in- 
fect«l snails were foutul in ditches utll- 
i7e<I for grow ing w ater cress ( Xn-ftiirliurn 
ojfirhialr). The tiiscase is contracttsl by 
contact with water containing the free 
cercjiria* of this IiIckhI fluke. 'I'his nuiA 
omir while wading, swimming j)r wash- 
ing clothes in infesttsi water. I’snallx 
childix'ii and ailult males are niorc com- 
monly infwtwl but in Northern IUu»- 
di*sia there are more infecttsl females, 
('ity water supplies in endemh* areas arc 
not nwssirily protected by .s.'uid filtra- 
timi or aluminum sulfate clarification, 
although WitenlaTg and Vofe (HUS) 
state that (he crreitrla* of human blocal 
flukes arc* killis! by (hloramine, WMlIutn 
hxpoehlorilc or g.iseoiis chlorine treat- 
ment of water. Hesidiial chlorine of one 


or more* parts p<-r million provirlcs a 
sifety giiaKJiitn* for drinking or bathing 


water. 



1 I'. 57 Oirin* ij{ t.Ms*..-! X HO .1 iKilrrM.r rriil i.f r<rrs>i« «Sitarr'-l. 

ti> o)«-tiitir- >■! l-'ii-trAlK'M fUn.l m } (Ocicinal ) 


Patholocicil ud CUniea] Aspects of Schistoscmluls Mknsoni. 'Hie di'/siM' 
pnahictsi li\ the pn--* ne'e of rrnnMmt in the jKirtnl M-seb is 

eotiiinoiilv rebrnsl to as ii)(<'stiii.il M!iistosf«mi.ist'. 'Hie <liment pidure 
.Slid the p ilhiilii.,*ie.i] niia(om> are in iixist ts tsiinp inihle to tlio'e of 

M hi'tn«4imh-.ts ji)Hiiii(':i .hmI are iistnih ih'timi from th<>*e i>f sthoto- 
•MiiuM'i* h » tiMtolii I < Ms pf tbirinc the inruMfi* H nh' 0 tin 
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toms of toxemia appear which are common to all three infections, consisting 
of remittent late-afternoon fever, cough at night which is frequently non- 
productive, facial edema, urticaria, abdominal pain, anorexia, rigors and 
labored breathing. Repeated exposure to infection appears to lessen the 
allergic reactions. The blood picture at first shows a leukocytosis and 
frequently a profound eosinopbilia (40 per cent or more). At the end of 
this period of incubation a toxic diarrhea is a characteristic prodromal 
symptom, followed by dysentery shortly after the extrusion of eggs from 
the intestinal wall. The eggs arc relatively few and are not equally dis- 
tributed throughout the fecal mass, but are most commonly found in the 
flecks of bloody mucus which are voided after the fecal matter is passed. 



Fio 3S. — Photomicrograph showing metacercaria of <S womok* (i * ’ /fn,,,- 
digesting its way into the deeper layers of the skin of an eTpcrimental dog. X ca t 
te«y Doctor Cesar Pinto. Instiluto Oswaldo Cru*. Bio de Janeiro. Brazil.) 

The second period, which begins with the deposition and exinision of eggs 
into the intestinal lumen (according to Pons, 1937, about thirty -set cn 
forty-four days after initial exposure to infection), is accompaniec ). 
irregular dvsentery, the so-called schistosomiasis dysentery, and a gra 
involvement of the liver and spleen. The dysenteric symptoms consist o; 




SCUIsr<MHlA MA.XSO.M 

abdominal pains and the frequent passage of stooK composed of a small 
amount of fecal matter and considerable blood-stained mucus, tlic latter 
usually containing the lateral-spined eggs. This picture is later frequently 
complicate<l by a prolapse of the rectum. The liver is enlarged and ten<Ior 
and the spleen becomes passively engorged. In uncomplicated ca'e> tbe 
urine is negative for albumen and sugar, and only occasionally contains tin- 
latcral-spinod eggs. (In 4799 cjise> of schistosomiasis in Cairo in 192.'1, in 
which eggs were detected in the urine, three cases with Schhla^ovia vinnwtii 
eggs nerc found.) 



'Hie cximlitiiitj whieli has just Ik-vii tlcsrrilHsl is r:nis<sl by the CsoqK- <tf 
eggs fniin the me'eii(erie-fK>rt.al scs-els. imlnding l>*)th the nn-^-nterie 
\ein nml the intraliep.itie portion of the |N»rtnl s\stein. ’Hie |>ri‘s<'n('e of 
tlieM* eggs in the tissues of tlie pit is rv^}»onsHile for rapid ilev<4o})mem 
of a pHMj'l(>-nli'<s‘ss h^ infiltmtiori nnuiiid r.aih egg f>r ro«iiioj)liils, mam*- 
phages, ffi-<|tiently epilhi llohl nm! gwni orlls, nn«l then fibnK-ytj-*. MiHar\ 
lesions <)f this tyjK* lead tn a thirkrningof the liottrl wall and an evet-'s of 
mums pro<hirtlon. .\t first thrv p'cudfKabscrs'^-s !)rp.ak through the 
murT*«a to the surfnre, causing tninutr hcmorrliHgrs uith the iliselmrgf of 
blomly mtinis. rrllul.ir iletfitus and eggs. Tlir minute uIctTs fm|mnll\ 
Iteeorne quite fxtrnsisT, I'.nrtiCTil.'irly if •econd.iry infection flrvelops. On 
the v-nts.ll snrlarr the inlUimnatoT> pruerss jim* rstrnd to the jw-riti.nruni. 
rrsiihing in !i\ |»-fT-niii of tlirhjrrnnifBt timr* In li« mnrrh.igrs. s»if h fibrous 
iwllirsions. ’Pie nif-sriitrric Isinpli glamls are nlvi fn^urntls irjfi!irat*s! 
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witli ef'f's, and become liyperplastic. In early cases the posterior ileum, 
us well as the cecum, colon and rectum, are commonly involved, but later 
tlie large bowel bears tlie brunt of tlie infection- The eggs wliich are carried 
to the liver and escape perivascularly into the tissues produce minute 
localized lesions, consisting mlcroscopicjilly of pseudo-abscesses and pseudo- 
tubercles around the eggs. Ilematin pigment has also been found by I’airley 
and by the present author in I’arlous phagocytic cells. The eggs may escape 
into the lungs, stomach, pancreas, spleen, kidneys, lymph glands, stipra- 
renals and myocardium, where they set up similar reactions, while in one 
case Miiller and Stcnder (1930) have reported numerous pseudotuberclcs 
in the spinal cord, ccnterc{l around eggs of this species. 

The third period of the infection, that of h'ssiie proliferation and rcjxiir, 
is marked by the production of papillomata of various sizes and shapes 
along the entire intestinal tract (Fig. 39) from the ileum to the anus, thickly 
distributed or sparsely scattered. The dysentery usually subsides some- 
what, but at times there are frequent fecal evacuations accompanied by 
tenesmus. The pathological picture of the intestine during this period is 
that of irregular thickening, with massive increase in fibrous tissue. Cica- 
trices may appear along tlie length of the intestine, particularly in regions 
where the wall has become thickcne<l and packed by the schistosomiasis 
abscesses. In late cases the sphincter ani becomes patulous, allowing 
masses of pedunculated tissue to protnidc (Fig. 40). Fistulous tracts may 
extend into the iscliio-rectal fossa, tlie perineum, the linttocks or even into 
the bladder area. Ulceration and epithcHoinatous growths in this region 
are dangerous complications. Splenomegaly and hepatic cirrhosis, with or 
witiiout ascites (Fig, 41), is a concomitant symptom in a certain percentage 
of cases and is by no means uncommon in children. In case compensatory 
dilatation of the collateral circulation occurs, ascites may not develop 
(Pons, 1937). The most serious development is hepatic cirrhosis, which 
Symmers has referred to as a “clay pipe-stem cirrhosis,” on account of the 
thickening of the larger veins of the liver, due to toxic secretions of the 
worms and eggs and to passive congestion. With this is associated the pro- 
duction of scar-tissuc in all inflammatory foci. Rarely the gall bladder ma\ 
become involved, with pseudo-absccsscs developing around infiltrated eggs 
(Ilaskin, 1934). 

Myocarditis resulting from the infiltration of S. mansoni eggs into the 
myocardium may complicate the clinical picture. _ , 

The studies of Hernandez Morales (1945) indicate that the intestina 
lesions of schistosomiasis mansoni in Puerto Rico are usually much less 
severe than in Egypt or other hyperendcmic foci in Africa, whereupon poses 
and papillomata are commonly encountered. Only 5 of 255 patien s 
studied exhibited papillomata of the rectum at proctoscopy, while ^ 
cent presented small petechial hemorrhages on the mucosal surfaw. 
observations are in accord with those of Valencia Parpacen and Jane in 
Venezuela. 

Koppisch (1943) has provided a clear picture of the sequence oi 
in the development of the schistosomal pseudotubercle. The egg Jai i 
the lumen of a small blood vessel k surrounded by endothelial lining ‘ 
Rather than remaining occluded, the course of the vessel is temporan . 



.^rJlISTOSOMA JM.V.SOAV 1 3.’> 

imxllficd nmiuul the ()!)struction ati(i new anastomo-'cs clc\cl()p. IJy 
inflaniinatcirj reaction, ly.sis from sciTetion-^ of the mature iniraeidiiim 
within the epf: ‘'liell and by necrosis, the cpp escaj)es thronph the wall of 
the vc*ssel into perivascular tisMies.. If the cpp Is in or near the intestinal 
mucosa, the same factors siipplenientctl by intestinal perlstalsi.>, allow the 
epp to ese;ipe into the Inrnen of the iiitisthie. If the cpp bec'onu's impact<“d 
in tissues, pscudotiihercle formation usually occurs. This may he initiated 
by neutrophilic infiltration, but is characteristically a p^)ces^ of eosino- 
philic, monocytic. I\mphoc\tic, epithelioid and frequently plant cell 
envelopment, with cventu.il fibrosis ami calcification of the epp. 



.\!\es Mcin has tfes<rilHsI the folhiwinp t>iM“« of piihni>n.'ir\ 

n>nip!lc3»tions in s<-hi'fosj>nii,isjs itnitsoiii: (1) .\cutr toxic l\|x*, foIl«)winp 
the mipration «tf nietac« nxirinr tlmuipli the hmps; (2) lirom hopnlmtinarx 
t>iN* sinnilatinp late tulH-nnitosis; (It) with endarteritis of the pnlmotnrv 
arterioles, nixl (I) <-anli<»-pulliion.»r\ fonn, t« rminatinp in niiipesti\e heart 
failims 'Hie more «hroinc manifestations, resulting fnan i-pc depi*siti(iii 
111 the iteri-arterml ir ti'»u«-s of the limps. |s probahlN :i mnrh tnon* isuiitnori 
oitiipHnitnni of this dlseaM* ih.iTi is n-aliwl. Tor «simi«.iri'xin. .''haw nm! 
(i harts h rtqxirics! pulinon tr> lesions in JLl |>» r cent of their ca»es t.f srhi'ttM 
si.imi'is hienntohia in Kp.'pt. Koppi-sh in I0S |irT «s-nt of Mnn»<in's 
iiifistion m I*inrti» Ili<s» and J.ntlr in 21 |Hr e«nt «>f the vmie diw-aw in 
\rr.enirl« (JafTf, IIUIJ 
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Ectopic lesions, resulting from the deposition of eggs in venules and tlicir 
escape into peri-venous tissues outside the abdominal viscera and lungs, 
have been reported clinically and on biopsy or post-mortem examination 
from the brain, spinal cord and skin (Faust, 1948). 

In Egypt, Girges (1934) has stressed the importance of the clinical 
syndrome produced l)y male worms unaccompanied by females. Here the 
damage is purely toxic in nature, due to the .secretions and excretions of the 
worms, and is uncoinplicatcti by * i' . 

tissues. In Puerto Kico, Pon« 

variety, without essential involveineiii oi ilie iivei unu spieeii, uui iie Jias 
failcrl to find an exclusively hepato-splenic tyi)e. 

It must be borne in mind, as Pons (1937) lias emphasized, that the eco- 
tioinic and physical condition of tlic patient contributes in no small measure 
to the clinical picture of this <liscasc. Malnutrition or overindulgence in 
food or alcoliol reduce his resistance to this, or to intercurrent infections. 

Diagnosis.— During tlic period of Invasion and maturation, diagnosis is 
the same as that for schistosomiasis hfcmatobia; during the period of 
d\ -icntery, specific diagnosis is based on tlic finding of lateral-spiricd egg<« 
in the stool. 

During the incubation period the symptoms may suggest a highly 
intoxicative process, witli fiusbed, edematous face, latc-aftcrnoon fever, 

■ ’ ' ' ' • . <• • » » » I , • I -t..jonii. 

■ eriod 

other cases there may be no significant findings. As the acute stage 
develops there is increased intestinal discomfort, frequently blood in the 
stool, continuing enlargement of an excruciatingly tender liver and spleno- 
megaly. The clinical picture of the late stage differs from atrophic hepatic 
cirrhosis of Lamnec in that the spleen in Munson’s schistosomiasis is 
tremendously enlarged, much more so than can be accounted for by 
engorgement d ‘ 

area provides ( 

Laboratory i , • " ’ , . • 

firmation of presumptive clinical diagnosis of Munson’s schistosomiasis. 
These are: (1) stool examination, including direct films of feces, blood and 
mucus, concentration and hatching technics; (2) examination of 
scrapings, aspirates and biopsied specimens, and (3) immunological and 
serological tests. Each of these will be considered briefly and reference 
made to more detailed information included in Section VII. 

Stool examination involves not only the feces but also flecks of blood an 
mucus frequently wrapped around formed feces or present in unformed 
specimens. Because the number of eggs laid by each female S. matisont 
per day is small, at least 10 Gm. and preferably a larger sample should e 
available. Special attention should be directed to the examination o 
flecks of mucus and cellular detritus which are more likely to contain 
of eggs. In addition, there should be routine examination of three to \e 
fecal films, but negative findings on unconcentrated preparations should 
no means be regarded as final. Ten to twenty-five Gm. specimens or _ e 
stool should be thoroughly comminuted in nine-fold as much water con am 
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inp: 0..) i>cr cent glyccrinp, allowwl to st'diiiicnt, <}ccnntc<l luul n‘»'«c<Jiinent<Hl 
t«o or three times, and then a small amount of sediment withdraT\n in a 
pipette and carefully examined. A verj* useful substitute is tlie IICl- 
Xa..SO<-Triton-ethcr concentration technic, which fails only if the small 
sample of feces utilized contains no opps. Zn.SOj centrifiipal flotation is 
not satisfactory for Hchislosomn epps. Some workers prefer the hatohintr 
technic oriKinally described by Faust and Mcleney (1924). 

Hcchtl scrapings, tt^piralex or hiopvj, first dememstrated by Ottnlina and 
Atencio (19 P}) ami later improvwl by Ileriiilndez-Morales and Maldonado 
(1910), at times j)rovide positive diagnosis when the feces are repeatc<lly 
nefiative. 

! mviumihujival ami .trrolttgirul (e.fh, inchi<Hnp intraderinal reaction, 
precipitin test, comjilement fixation and the aldehvde test for e.xtfss 
enKlobulim as well as prnnounccsl i-osinophilia. are valimble adjuvants hut 
arc not helpful until the infection has l)ccome well cstablishc<l. 

Therapeuais. — 'iartar cnictic and fuadlnan^ comparably cfTcctive in cases 
of Mii.ilnxiima mam^oni ns they are in S. hxmnlobiuvi infection. The 
<losap' ami method of administration are essentiallv the sjitne (5ce p. 1 19), 
hut greater care shouhl he exertistti ns repirds the reaction of the jiatient 
to the drup', hecause of the greater d.-imayc to the liver cainc<! hv the 
disease. I’entuvalent antimonials, as urea stilKunine (Ilernaiider-Monihs, 
Oliver-fionzalez ami I’ratt, JOIG), have proven t«)o toxic for averane 
toleram-e. In the h’plit of present knowloilcc it 5oems ndvlsahle to recom- 
mend the udmintstration of )>otassiuin or sodium antimony tartrate, in 
ixmeentratlnns not iti excess of one per cent. t)iri“e times weekly until 
approximately Oo Gm. Sh has l»een pven. Mn]:nl))aes and Dias (1911) 
have odlai attention to the fact that nntimon.v (xms(s extrt^me dilatation 
<if the Walls (»f the canllac vessels, with d«*crc.ase in volume of MoikI to the 
eonpiiar.v arteries. I’aplllomatn of the nsrtum frtxpiently rispilrv* surpdeal 
tn-atmeiit ('uses with ndvancssi hep.'iticcirrhosi'.nrr usu.dly not henefittsl 
by aihninistratioii of antimony. Splenectomy shcitild not Ih* undertaken 
unless lluTe is evideiicx- that the ciil.nrpxl «p!ct'n is definitely eniharni«'inc 
hematoiKiiesis. Ascites m.ay require diiireties and parawntesis. 

Profnosla — Fair topKxl in early «»rliplit infections in which the liver and 
intestin.'d wall an- not «erioiisI\ involvtsl, providi'tl sjpmfie tlienipv is 
mnlertaken in time and is eontimnsl until iheinfet tion has Iks'u eniclicntis], 
fHHir when extensive filprosis of the liver and Iniwel wall have nirtadv 
•HSMirnsI ,S’. in.iy persist for II j>crit«! at least iij) t»> twenty vears 

(|)i (Jiaromo and Maver, 1911), pnaliieini; inen-nstil tissue rei>air hv 
fibnitie n-pl.iis'inent. 

Control SiTioiis study of the piihlie health nsjMsts of Srhi.i{it.»iinii 
ia/jn»i>t!i iiifetii'on hasl»een nmdein Dpvpt concum-ntly with .X’. h.iviaf,Jiiut’i 
infection, and in Puerto Hico, Vcnmich and Ilmril. wheir on!v the one 
•jiecirs of hum.in bjfwxl fluke omir*. llie molluscan hosi eointnonly lives 
in quiet ch.annels or irrintion ditches and for this re.n*on the fi* M hlxirers 
nre the class most U'Uillv nfTertSsl. At times, howevir. wlere the villifr 
w.jtiT stipplv iH-etiines involves!, i>r vilhicr childn n w.idc- in infr-ffsl 
« pidrmies imv brs-ak tint. ITie same iije.isurcs whirh njit Iv totheprrvrn- 
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Jansen (1940, 1947), in Pernambuco, Brazil, a highly endemic area, hns 
obtaincfl moderate control by institutinir the following measures: (1) 
Destruction of snails with calcium hydroxide, 4 to 0 parts per 1,000; (2) 
reduction in dissemination of »S. mansnni eggs by treatment of patients 
with tartar emetic (one per cent sol.), and (3) construction of public baths 
and laundry tanks, as well as sanitarj' dminage canals. The fact that the 
West African green monkey {Cercopilhecux sahxus) is a re.servolr of this 
infection in Africa and in the I,csser Antilles (St. Kitts and Nevis) makes 
the problem of eradicating this organism a more difficii/t task in these 
countries 

Schistosoma japonicum Kat.surada, 1994.— (The Oriental blood fluke, 
causing intestinal and hepatic schistosomiasis of the Orient.) 

Synonym.— Sc/iistosown tailoi R. Blanchard, 190.5. 

Historical Data. — Tlio earliest record of the disease produced by Schislo$oma 
jnponicum was that of Fiijil in Japan, in 1847. Baclz (1883) made an epidemiologi- 
cal survey of the schistosomiasis endemic area near Okayama, Japan and desenbed 
the symptoms of the disease, but attrihutod them to Clonorchis infection Yama- 
giwa (1890), Kurimoto (1893) and Fujmami (1904) all found the eggs of the then 
undcsenbed parasite in various organs of individuals who had died of the disease 
and recognized their etiological role in the disease. Kasai (1903) first found the 
eggs in the feces. Fujinami (May, 1904) obtained a single female norm m the 
portal vein of a man, which was probably the first adult sjiocimcn found Katsurada 
(April, 1904) investigated the infection in the Yamanaslii endemic area and from a 
study of tlie symptoms in 5 patients from whom lie had obtained the eggs, sug- 
gested “that the di«eaao was caused by the«e egg« and the motlier worms, and that 


japomeum 
parent worm 
One montl 

vessels of a Ulunese who liaa dieu in Singapore, limncuaiu vuiw 

S. cailoi, but it was soon found to lie identical with S.japomcum. The same year 
Logan found the eggs of this fluke m Chme«« patients in Hunan Province^ China 
Following tliese pioneer investigations ra ' ’’ 

infection, investigating the morphology of 
the distribution of the disease in JajMin. I ^ 

cattle and horses uere natural hosts, as well as man, dogs and cats, and by 
experiments proved conclusively that the skin was the usual portal of entry’ of the 
infective stage for man. Miyagawa (1912-1913) studied the route of migration 
through the body, finding that the organism utilized the venous circulation en rou e 
to the lungs, thence ria tlie systemic x’essels to the mesenteric system, and fina y 
through the mesenteric capillaries into the portal blood. Meanwhile Miyairi an 
Suzuki (1913-1914), working in the Kynishu endemic area of Japan, first show 
that the fork-tailed cercari®, which had developed in small amphibious , 
(Kalaijama nosophora), were the infective stage for mammals and 
the hatching and penetratic 
of snail, and the developmei 
stage within this mollusc 
verified the obligatory rfile 

1916 Leiper and Atkinson confirmed this w’ork. , j 

Various physicians m China, including Logan, Taylor, Peake, Hougliton 
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YanKtze drainaRe and was present coastwise from Pliansliai to HonskonR Thr-c 
later workers found 0;ifomf/flnm kuj)emt8 to l»c the molluscan ho^t in the Yangtze 
Valley and Kotaijamn no^opAora along the Kiutheast coast. 

Tubangui (19.32) incnminate<l Oneomclanta tjuadra*! (>.yn. Schiflo^omophora 
hjdrobiopui) as the intermediate host of the etiological agent of human scliisto 
somia«is japonica in tiie Phili|)|)inps, while he and otlior more recent in\estigators 
have studieil the distribution of the infection in these islands. Bnig and Tesch 
(1937) and Bonne d at (1942) lwi\e demon«tnitc<l autoclithonniis infection in a 
l■nlall area m Central Celebes 

As a result of exjiosiire of ai>pm\iinatcly 2,000 American and .300 Australian 
troojis to scliistosonii.a«is jajionica on I.ej'te, Bhilippinc Islands between October 20, 
1944 and May, 194.j opjKirtiimty was provuleil for extensive stuthes on the epi- 
deiniologj', patliogencsis, sj'mptomatologj', diagnosis, treatment and c\i>enincnlal 
control of the disease. Clinical investigation of tlie early s>f age materially enh-nneed 
the knowleilge previously obtaiiieil from relatively isolatetl observations on this 
phase of the disease. Some of the more im|Kirtant |>a|x*p» by American investigators 
of this epidemic and its MXjuclae arc citwl m the bibliography. Hcfercnce i-hould 
also he made to the rejiort of D.akm and ConiielLan (1947) on the outbreak m tlie 
Bnyal Australian Air Force 

The cercana which Sowell (1919) rccovcreil fn>m Ituloplanorhn rrinfin and 
hjmmtrt ami/giMum m Calcutta. a« well as theonedeseril>e<l by Porter (19.30) from 
Lymn^n tinlotetitiit iti Diirb.an, Natal, closelv resemble I bat of S jaftonmim, but the 
actual identity of these ecrcana- lias never l>een a<!e<pialely demonstrateil 

Oeojraphlcal Distribution. -Sr-Iiistosoiniusis jajxmic.n is confiiu'il to the 
I'ar Kast and its distribution is <aK-\tensiM* witli that of tlie small amiiliilii* 

’’ **' . V * • ' 'sclv relati-elgetiusOnfowr/awm. 

'i ‘ • • 'hum. Formosi. tliel*hilippirHs 

In .lapan the disease is eonfmevi to five sumll fm-i. sep, irate from one 
another, Iving in widems! vallevs of caustul rivers Four of these rnilemie 
anils are on the island of Ilonsliu. one northeast of Tokui, two near 
Mt. Fuji ami one near Oknvmna; the other is in the northern part of 
Kviishu .Mtogetlier llu'se liistriets rtinomit looiilv a few liundn-d square 
miles, and involve less than BUt.fKXl jnsiple 'Hie nsa-iit survev of IVriglit 
ft nl. (1917) rev eals that the iiieideius* of the dis«-aM« m .lapan v uni's from 
less than one |h r ei'iit In the Tone Uiver iinn to more than .’iri jkt irnt in 
the Kofii area 

In Formos.i mi infis’tis! area is siHiat<sl at >limi hikii near the northwi'st 
isust of the I'l.iiid .\s far as is known iiinn is not mfis-lisl in this latter 
tP. .■■■■■ , ; - • -mammals 

■ ■ . ■ . . • • * • r »in five of the isl.ifid*, l.iiron, 

■ |. ■ : i)ne Midemle fonis Ii.is rets iitlv 

l«s'ii disfsivi nsl on the vMithern liptif I .1171111 (Pesig.m. 1917) On Mindoro 
there is a mi»len»ti lv extensive nrr.i «»f eiidriiiieitv on the northeast ovi't 
'Hien* an* mmienais es.i«tal and tiil.ind fini «•« .*^.uii.ir 'ilie I>-v tr vnMrv 
•suistitiiles a htghiv rnih mti n gioii. willi nii inridems* among ohirr t htldrrn 
ns high Ms sso or i>er «s nt in *oitie loralitH-s (B.iiig ft nt , P.M*) On 
Minds mo do rt are •< v i ml « ihIi mu arras. »» heliiig the .s-urign* j>etijn»ulv. 
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Bandeira and Pires (1940) reported a presumably autochthonous case of 
Oriental schistosomiasis among Japanese colonists in the Matto Grosso, 
Brazil. Nevertheless, there is no proof that it has become established in 
the Western Hemisphere. 

Stoll (1947) has estimated the total incidence of schistosomiasis japonica 
to be 4G million, all in eastern Asia. 

Structxire and Life Cycle. —The adult worms of this species were carefully 
described by Katsurada (1904) in his original investigation of the species. 
The male is the larger, more robust and the female the more sjender and 
longer (Fig. 43). In typical infections the males and females are about 
equal in number and the females are usually situated in the gynecophoral 
(sex) canal of the male, which extends from a plane just behind the ventral 
sucker to the posterior extremity. (See figure.) Both males and females 
lack the tuberculated integument found in S. hxmatohium and 5. mansoni. 
The suckers lie close together at the anterior end. The ventral sucker in 
both sexes is like a shallow cup on a short broad base. The esophagus is 
surrounded by clusters of glands (Fig. 44). The intestine bifurcates just in 
front of the ventral sucker, the ceca continuing posteriad to the last fourth 
or fifth of the body before reuniting. 

The males measure from 12 to 20 mm. in length by 0.50 to 0.55 ram. in 
greatest diameter. Their integument is grossly smooth, but is actually 
covered with minute acuminate spines, which are most conspicuous in the 
regions of the suckers and of the gynecophoral canal. The testes are charac- 
teristically seven in number, although at times they may consist of only 
six. They lie side by side in a single column (Fig. 44). Each is provided 
with a short vas efferens, which joins its mates to form a common vas 
deferens, the latter enlarging into a seminal vesicle before opening to the 
exterior through the genital pore. There is no muscular cirrus organ. 

The female attains a length of 20 mm. and has an average diameter of 
about 0.3 mm. The integument is non-tuberculate but Is provided through- 
out with minute acuminate spines. The ovary is situated somewhat behind 
the middle of the body in front of the union of the intestinal ceca. Posterior 
to the ovary are the vitelfine glands, which occupy most of the posterior 
fourth of the body. Emerging from the posterior end of the ovary is an 
oviduct, which bends abruptly forwards and, running parallel to the vite - 
line duct, proceeds to tlie ootype. There is a seminal receptacle lying coi cf 
to the right at the posterior end of the ovary; this store-house for sperma- 
tozoa joins tlie oviduct near the origin of this duct. Fertilization 
therefore, take place before the naked egg cells reacli the ootype. ^ 
ootype lies just in front of the midplane of the body. It is surroundei ' 
Mehlis’ gland, which opens into its lumen, and is provided anterior^ 
a sphincter which separates it from the uterus. The uterine 
extending from the ootype to the genital pore immediately bchint 
ventral sucker. It may contain 50 or more eggs. The eggs in 
end are almost hyaline, while those near the genital pore are a paie \ e p • 
The more mature uterine eggs are biconvex and regularly oval m ou m . 
except that there is typically a shallow depression on one .side near out e» • 
from which there extends a short reciirvetl hook or abbreviated spine, 
eggs which are ready for laying are still immature; they measure appr 
mately 67 by 50 p. 
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Wlicii the female norms arc nfady to lay their ejrps they cxtcml the 
anterior part of their bodies considerably in front of the males into the 
smaller venules of the suhmucosa (see Fip. 52). or even into the mucosa 
(Faust and Meleney, 1924) hut the.i apparently do not lca\e the fryneco- 
phoni! canal of the males. Here larpe numbers of epps are depo>.itcd into 
the capillaries of the mucosa or submucosa. which become cniarped and 
conpested. Tlie epps are thus <lepositc<l very close to the linnen of the 
intestine, nhcre, by the shphtc.st pressure, or by dipe>tion of the intestinal 
ei)ithe!iuin rcsultinp from lytic secretions of the maturmp minicidia (xirinp 
out throuph minute pores in the epp shells, they are iliscliarpcfl into the 
lumen of the put. Tlie first epps which are laid by the female norms pass 
throuph into the intestinal lumen al- 
most immediately after dcixisition ami 
are consequentK still immature. As 
epR-la\ inp proeewls am! the intt*stinal 
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I'm. IS— Motiire tRj: of .sVAuf»i«»*«i Im Mirsfuiiiim of 

/‘i/oniTHrn, «iUi rnrlovsl iiiira''><lium Tlio jor-ntmm y S.V) I«-tlriiiiK M lit ( ir 
rrll« n.llKTPtil to tl,p Mirll itro il < Mtrr \ .Tt.J Mfli-nr, . Am Jo.jt 

tm.tir X «) (OriBrnsI J ot . 

nidi bectpines more and imire ihickemsl. the imer\al lietneen deiKisilfon 
and extnision heeomes hniper ami hmper. so that all stapes of matnritt tif 
the epps nun Ik* found in the tissues, nhile in tlirome tnsi-s ndtifitsi and 
•itlicrn iM' de\ italirtsl epps m.i\ jieemmif.ile As the route into (lie Jtifitrn of 
till* pit iKtsunes more and im»rt* i»lHtrm t»sl, epps are more nimiimnlt sm-pt 
ahnip in the bliwKl stream int»» the Ji'er. Ntiptl (IINJ) h.is providts! a 
<letnilts| tlescriptioii ttf the t.xjK-s of .S' j,ti»,nirwi epps reniMns! from 
tlssiirsoreTjK rinientnl Imsts afid Iniist has supplermntnl this nith 

a tlesiTiptiiiM of tilt* pn at \ nrict.s of th**-*- epps nlnrli tti.t.A found m the 
lutients* stiHtls 

’ITie epps ettriahsl into th«* ifitrstiii.il bum n (I ip 1 ») are \ oidisl m ith the 
fns-s 'Hii t me.Tsnre from 70 to imip in leiipth b.N •>» to fA n m l.rr.idth 
tkfisiilioti to imhiiiK an-ns ftia' •■x.isioii.tll.' Ik* protiussnioii-., l.ijf the 
stoitl tiiore fmpit otb s-utsl for tmiiuri-il imrjfMes \iplit.--.il is UMislh 
tsuiM fMs! Ill a Iiipiid state iii rt-sefAoir. nhirb are sitinfr.) on the limls of 
terniiifil of impTtiMii r.in.sls. nlirrr ample f<p]>ortii>iit> i‘ ft!T«'!slnI for lli*- 
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c^Cs to reach the water, tli«s provWm^ ccmd/tfon*} favorable for hatching. 
When the temperature is mild hatching of mature viable eggs will occur 
within a few hours. In cooler climates during the winter montlis, such as 
obtain in Central Chhra and Japan, the eggs may over-winter in a viable 
state and hatch the following spring at the time the molluscan host becomes 
reactivated (Faust, 1017). The shell membrane splits along the line of 
least resistance, allowing the mirncidiuin (Fig. 40) to escape. On emerging 
from the shell on the substratum the 
larva breaks out of its embryonic mem- 
brane, then liegins to swim energetical- 
ly in the water, tlic forwnrti movement 
causing it to elongate soincwliat. Like 
the miracidia of S. fixmafobium ami 
S. vifiD.ioni it is proviiled with n ciliated 
epithelium, wliieh is interrupted only 


Fit, 47 — llabstnt of Oncntnrltima {Knlayotnat «<wo/>Aom. the raollu'ran host of 5 eAiV<>j<wt 
}apon%cum in Japan (Oneinal photograph.) ■ n n (Kola- 

Fio 48 — -MolluHcan hosts of Schiilosoma japoniettm. A, Oneomtlania nu^nm; i . 

vama} no^ophora. X 5. (After I'aust and Afoicney, Am. Jour, of ‘ 

at the very anterior end, at the openings of the lateral sccretor.^ 
gland ducts and at the openings of the two e.x'crcfor.v ducl.s. 
ally the miracidium of S. japonicum. is provided at its head end | * 
primitive gut {pg), a pair of penetration glands {sg^, packed ^ 

ovj philic material and opening to the sides of the gut, and poireti ® V® . 
of minute penetration glands («gi) of a basophilic reaction lying iimncaia 
posterior to the gut and having bundles of capillary ducts {sgd) /j 
through minute pores at the anterior-lateral margins. A central ‘ 
mass (n), with longitudinal extensions, is .situated underneath t le ' 
philic secretory glands. There are two pairs of flame-cells Cfe) " • 

{rt) uniting on either .side into a single collecting tubule, vsluct P 
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throiiiih pore') on the pf>stcn»-Iatcral mari'in (rp). (Jertn are pro- 
liferated from the posteriorly disposed permln.al epithelium into the lumen 
of the miracidium, which seiwes as a brood cavity. 

After sttiinmin}; about for a short time in the <lecper strata of water 
the mirachlia of S.jnjxmicutn rise to within 2 or 3 cm of the ''urfaee. where 
they continue to swim about for tw'cnt\-foiir to thirty-two hours It is in 
tins top stratum that the appn>priate snail is nu)st likely to be found, 
particularly at the time when the water iR>^ins to rise to the Ie\el of those 
snails which are attached to Rrass and wetsls on the banks (tf canals and 
irripation ilitches (Fip. 47). 

The molluscan intermefUate Iiosts of the infection in Japan and alonp 
the coast of China from Shanphai to ('anton. where the water comes from 
coastal mountain streams, ns wtII as in Srechuan I’ro\ inet* (upper Yanptre 
tributarits) is Oncoinflffnia ( Krtlni/nmn) notttphora Kob'on (Iwp. 4S> A), 
throuphoiit the central and lower Vanptre Valiev, where the water is more 
loaded with salts and ilebris. the luKt is Oncimrhmui (trailer 

(Fip. 48 I!); in the endemic foci of Vtmnan Province, southwestern China, 
it is hclicved to be 0. {Srltiilattnu- 
opliorn) rohrrivini: in Formosjj it is 
0, (/v«/m/rif»«) farmwaiin (Filsbrv 
and Hirasf); ami on the Islands of 
Ix'Vte, Samar, I.uron. Mindoro and 
Mindanao (I’hilippincs), It is 
inchnh (•SV/iw/ofmaorpAom) f/iW- 
rati; (nyn. lUnufordin r/Mrtdrrtti. 
iif'hhtmomorphnm /n/drobioptu) O 
virrUntdnrJt, (). fnn/fi ati<I 0. j/noi, all 
from (’hiiia, have been found nat- 
umllv Infected or arc kn<»wn to Ih* 

Misceptible to infection in the lalH>r;i- 
tory. The niolluscau host in tliel-ake 
UndcK- area <if Celebes is tiiiknovvn 
Fordelaileil stinlies on the issilops 
of (). iiiinilnifi on Ix*v |e the n'.'nier is 
refern-,1 to MeMulh'n (11U7). 

•\n npii.irentlv am-plable molliis- 
earj heist for S. jtiimrinivi, Hi>nia- 
htiiiifiina. lias a wide disfri- 
bufiiui it, the Fulled Slati-s. .\blM»tt 
(PMS) plaet-s tlie pemis in the s.iine 
familv and sub.f.uuilv ns the imftinil 

hosts of this IiIikmI lluke ni the - n, 

fbieiit. .<t,inkanl (IlMii) nlitntmsl im ■ 

parti, I ilrv, Inpnieiit in /’. /<ip,i/i»roi 

ninl Ih rrv nod Hue have mofr ms-fitlv drrjKif,»fr.ite«f tfituftlrtuiti i<{ 

the toollii'cnn ph.T',-,if the life* vi leii,* njirrilio lit. sib lohsinl. l.iUirntnn - 
bnsl sn.iiN «'f this s}w, ii-s 

Oil Miuiiiip in niot.S't with the npprn|iriite s«.ul the iiiir.s» rdnim of .S’ 
nf tn» ks ntxl |>« orlntes the s«,f| jnrts of tin- itiolhiso 
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It may either enter the gill filaments and soon reach the blood stream, 
from whence it is carried to the IjTnph channels, or it may invade the soft 
mesenchymatous tissues of the head or foot. In the latter event it digests 
the host tissue to form an artificial lymph channel, which soon extends to 
the true peri-intestinal lymph sinuses. Meanwhile the ciliated epithelium 
is sloughed off, and the miracidium is transformed into a sporocyst, which 
migrates towards the lymph spaces bathing the digestive gland, where 
second generation sporocysts (Fig. 49) develop within the parent sporocysts, 
erupt into the free lymph spaces surrounding the digestive gland, and, in 
turn, produce internally the fork-tailed cercarise. These latter, on matur- 
ing, are crowded wdthin the thin-walled second generation sporocysts \\hich 
pack the lymph spaces. On reaching complete maturity the cercariaj A\ork 
their Avay out of the second generation sporocysts and are ready to emerge 
from the snail. This occurs only in case the snails are in the water. Thus, 
snails which have bored into the earth 


during the period of hibernation, those 
attached to grass .above the w.atcr line 
or those in cracks of dry earth may be 
heavily infected but arc not freed of 
their parasitic progeny until they fall 
into water or the water level rises to 
meet them, whereupon within a few 
hours swarms of cercari® erupt from the 
host tissues and rise to the surface of 
the water, where they may attach them- 
selves by their ventral suckers or again 
sink to the bottom of the water. It is 
this brood of cercariaj lying just under 
the surface film in quiet shallow water 
ivhich is probably responsible for the 
greater part of the infection acquired by 
persons wading in the infested water. 

The free-swimming l.nrva (Fig. 50) is a 
characteristic schistosome cercaria, with 
a forked tail and with the entire integ- 
ument provided w’ith minute spines. 
The body proper measures 100 to 160 n 
in length by 40 to GO /a in transverse 
diameter. The tail trunk averages from 
140 to 100 n in length by 20 to 35 n 
in cross section, and the furcre from 50 to 
75 in length. The anterior sucker (a«) 
lies in front of the oral .aperture (op). 
On its dorsal side there is a head gland 
(hg) opening into its blind inner .aspect. 
A capillary esophageal tube lc<ads in- 
to an enlarged, bilobcd cecum (c), 
which ends blindly near the middle of 
the body. The ventral sucker (w) is 



Fig 50 — Cercarin of Sekisloioma 
japonicum. X 340 Letterme «« 
Fjg 25. (Original ; 
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situated in the posterior fourth of the IkhIv, It is small hut \vr\ muscular 
Just hehiiid it there is a clump of genital celU (ga). The excri'torx s\stem 
is identical ^ith that of tlie other liiininn schistosome ccrcaria-. consisting 
of two pairs of flame-cells on cither side of the inid-Hnc, the postcriormost 
cell residing in the proximal part of the tail. The collecting tubules enter 
the bladder from its anterolateral aspects. The bladder has a minute 
dorsally situated e.xcrctory pore A collecting tubule al^o e\teml> from the 
jxjsterior face of the bladder into the tail. i)ifurcatmg ns it reaches the 
caudal furcic and opening at the end of each furca through a inimite pore. 
The penetration glands ctmsist of five pairs of tells ha\ing granul.tr tsm- 
tents, situatetl between the ftirk tif tlic«fuin and the p<isterior jilaiie of the 
acetabulum. Tang (lOJS) has found that the two anterior jMirs «if glands 
are oxyphilic and txintain relatively c<iars<* granules, while the tbris- 
Iiostcrior pairs arc basophilic and contain finer granules 'llie anterior 
glands stain blue with alizarin dve ami the p(»s(erior glands a. st raw berrv rnl 
with lithium carmine. With intra-vit.il w.iter-sniiible alirarin sodimu 
sulftniate tli** anterior glaials stain pink and the posterior gl.imls remain 
unstaincxl. 

On coming in contact with the e\|M»'C<l skm of a mammal, the eerearia 
attaches itself and attempts to |K*nelratc the skin 'I’his proix^ss mater- 
iallv aidixl if the water-film (stntaining the <er<.iri.e on the snrfatc of the 
‘•kin begins to dry. All mammals wlin-h freipient ”iiife<’f<H| water" m 
infected areas nppc.ir to he susis-plible to inhetion nefore attenifiting 
invasion or during the pnas^ss the t.iil is ifiM.irdisf .Ifter a iH-rim/ of 
twentj to tweiit.N-foiir hours the (vreiiria* h.ue digestisl their wa.v tliomgli 
the skill, titiliring the luie ferim-nts elalMinited in the |)enetr.itinn glands 
nm! jxiureil out througli the duet openings at the be.ul eiul of the organism 
'Ilnis they reaeli the bhKxKi-sM-K or luiipli mxles. from whence thev p.is> 
dir<rtj,v to tlie lungs fn orilin.irv Hif<<tion' the l.irwe slowl.i vfiteere 
through the cajiillaries of tlie lungs mto the l. ft 'id<- of the heart and out 
into the sjstemu' eireul.itiom but in overwhrlinmgh he.i\\ itiviisious tbi" 
larva- may break througb the i-jipilkiries into the lung tissue ami at tinu-s 
into the ])I<'ural <*i\itv <)nl> in sm fi an event is then- .inv jx)s'iliilil.\ 4if 
tJie Jana- attem{U;ng to invade the idajonmi.d iiimI.v tbnaigb the dia- 
pbr.igm. and sin Ji mi .ittvmpt is )»oHPid to end in failure, sims- tin* itiiiii'iitH 
of the gl.iiids (the means of fK-netnitionl h.ive Ihs-ii privioii-lv evliaiisfisl 
ami ar«* not repleiiislied I 'nan the aorta tin m-ijoritv of the sj liistosotniil i 
m tlie sjstunie blood are dinstisl into the vi-sm-N fetshng the alMlnmiiid 
vixrra ' Of this lumiiMT onlv llnw- eiiteriiig the ine^-nline arteries nnd 
(Kissiiij. iliriiiigli ti> tlie imrf.d veins ar*' of fiirtlnr •!« v« bijunent 

'Hie r« m.iimler Imsi.ui. |.s|g«sl m shmII i-ipilltrn-s am) are s4),iinr or htir 
ali'oriK,! llv ilie ughtli or iiimiMliv afti r e\pc.-iin to mfis lion all of tin- 
Voting tliikes destiinsl to l•I^tc r the jK»rl.d '."teni b.tvearrivn! Oiirtiig the 
next few «!.i\s iluv rem.im witluii the iiilni-ln p.atic js-rtion of the s_\,tein. 
hssliiig on liloocf M Us and tfevefnping nipidlv \s rhev 1 h "ki Co nmftm* 
lbe\ tiiigrate nc.tm-t the bh-s! stn.im into t|w im-'s iiU rie rnb'l'-'. wln-r. 
tin \ nun [ill te tlirtr drv< lopmeijt niul «|m rr iii.'iting • v« M of tie pr« le itnrr 
worms t.iUs pl.in- \og«l (I'.MJ) Ins fonml tint iinfertiliosl , •-> an- Nid 
ns r.nrh n- llo t "i lit v -lifib or fwints-ivth *lvs idn r ‘kii) .vj-o'irr nm) 
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that the earliest fertilized eggs may be recovered one day later, but that a 
minimum of nine more days is required before the eggs contain mature 
miracidia. At the end of about five weeks after the entry of the cercari* 
into the body mature and maturing eggs begin to appear in the stools. 

Epidemiology.— This is not essentially different from that of schisto- 
somiasis raansoni. The water in which the snails breed is polluted by 
human feces. In the Orient the contamination of water frequently results 
from human night-soil used for fertilization of crops, or from latrines built 
over shallow, rather stagnant backwater which is periodically washed out 
into currents of fresh water by heavy rains. Sanitary buckets and com- 
modes are rinsed out in the canals, earthen jars containing human night-soil 
pollute the banks of canals and night-soil boats contaminate the water. 



Fio. 61. — Case of giant urticaria with fever m American youth, sit weeks after snimming 
infected Mater in Central China (I’hotoKraph by Dr. H. E. Mclency ) 

Likewise, to a lesser degree, dogs, cats, pigs, horses, cattle and water 
buffaloes, likewise semi-domestic rodents, infected with S. japoniev^h 
contribute to the infestation in the water. Once the cercarite have de- 
veloped in the appropriate snails and have been discharged into the water, 
human infection results from wading in the shallow water along the banks 
of the canals and irrigation ditches, or in the rice nursery beds and paddies, 
bathing in the water and washing clothes on the banks of streams. On 
Leyte during military operations late in 1944 there was evidence that bat i- 
ing in salt water and then rinsing off in fresh water constituted adeqiia e 
exposure (Sullivan and Ferguson, 1940). • / • T 

Schistosomiasis japonica may be contracted as a prenatal infection, n 
1910 Nanibayashi reported eggs of this infection from the stools of t ree 
newly-born babies, whose mothers worked in the rice fields in enc emi 
areas in Japan. More recently Hovard (1933) reported * 
fourteen-day-old infant of an Asiatic family traveling in British 
Pathological and Clinical Aspects of Schistosomiasis 
somiasis japonica or Oriental intestinal schistosomiasis has bce^ 
under various names including those of a geographical nature ( \a aja 
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disease, Yangtze Valley fever, Hankow fever, Kiukiang fever) and those of 
symptomatic significanee (urticarial fever and neurangiotic edema). In 
the lesions produced and in its syniptomatologj this disease closely re- 
sembles schistosomiasis mansoni, although the .symptoms frequently 
appear earlier in Oriental schistosomiasis and are usually much more 
severe for the same amount of exposure. Both the pathological anatom\ 
and symptoms of the disease may be separated into the three stages ^^hicil 
have been described in schistosomiasis hcematobia and schistosomiasis 
mansoni, namely, (1) the incubation period, (2) the period of egg deposition 
and extrusion and (3) the periotl of tissue proliferation and repair (Faust, 
1940). 

The Incubation Pcriod.—'Fhc symptoms during the first stage of the 
disease are similar to those of the other schistosomiases, although there 
appears to he evidence that in some cases, at least, urticarial rash, unaccom- 
panied by febrile reaction, may develop as earlj' as five days after exposure 
to infection. This is about the time when aberrant larvre become lodged 
in small bloodvessels, and so may be responsible for the reaction. There 
are abundant data, how ever, to show that the onset of symptoms, consisting 
of discomfort in the epigastric region, an enlargecl, tender liver which can 
usually be palpated under the right costal margin, pains in the back, groin, 
legs or along nerve tracts, with afternoon fever (38'’ to 39.5® C.), often 


and voice sounds and moist rales. At times these signs and symptoms are 
accompanied by an intense urticaria (Fig. 51) with localizetl edema, 
involving the subcutaneous tissue. The wheals vary in size from n few 
millimeters to several centimeters in diameter, are raised, firm, white in 
color, round or irregular in contour and are surrounded by a broad red 
areola. They appear on all parts of the body, including the mucous 
membranes, and are attended by intense itching of the affected parts. 
This condition may last from one day to two weeks There is usually a 
leukocytosis at this stage and a more or less intense eosinophilia, at times 
as high as 90 per cent. Blood is not present in the feces at this period except 
in very heavy infections. 

Natives in endemic foci are usually cxposc<I to infection time and again, 
so that infected individuals commonly display several progressive stages 
of the disease at one time One epidemic is known in w’hich 40 native 
school boAS, bathing in an infecteil pool at Anking, Anhwei Province, 
China, all acquired the infection, the onset ' ' • t * 

month after exposure. Likewise, during th 
the disease w’as contracted by fifteen fort 

patients c.xperienced the characteristic urticaria! rash, malaise and exhaus- 
tion, fever and sweats, with leukocytosis and eosinophilia during the 
prodromal period of the disease (Kastcin, 1932), From late October, 1944 
through the spring of 1945 there were many hundreds of military patients 
on Leyte, P. I who were observed by skilled physicians during the end of 
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that the earliest fertilized eggs» may be recovered one day later, but that a 
rni!iimum of nine more <lnys is required before tlic ej:j;s contain mature 
miraeidia. At the eiwl of about five weeks after tlie entry of the cercari® 
info the body mature and inattirinR crrs bepin to appear'in the stools. 

Epidemiology.— Tliis is not es.scntially diiTerent from that of schisto- 
somiasis mansoni. The water in which tlie snails breed is polluted hy 
human feces. In the Orient the contamination of water frequently results 
from human night-soil used for fertilr/atioii of croi)s, or from latrines built 
over shallow, rather stagnant hackxvater uhich is periodically washed out 
into currents of fresh water l)y heavy rains. Sanitary buckets and com- 
modes nrerinsefl out in tl»e canals, earthen jar.s containing human night-soil 
pollute the hanks {)f canals and night-soil boats contaminate the water. 



I'w St.—CaiW of Kinnt tirticnri-a with >n .tnwrienn youth. bIs wwka oflcr BwitumiTiR it» 
infootwl water in Central Clima (I’li*»to(tr3|>ti by Dr, H. K. Melcney.) 

Likewise, to a lesser tlcgrec, dogs, cats, pigs, horses, cattle anti water 
buffaloes, likewise scmi-tloincstic rotlents, infected with S. Japonicum, 
contribute to the infestation in the water. Once the cercariic have de- 
velopetl in the appropriate snails and have been discharged into the a'ater, 
human infection results from wading in tlte shallow water along the banks 
of the canals and irrigation ditclics, or in the rice nursery beds and paddies, 
bathing in the water anti washing clothes on the hanks of streams. On 
Leyte during military operations late in 1944 there was evidence that bath- 
ing in salt water and then rinsing off in fresh water constituted adequate 
exposure (Sullivan and Ferguson, 1940). ^ ^ 

Schistosomiasis japonica may he contracted as a prenatal infection. In 
1910 Narabayashi reported eggs of this infection from the stools of three 
newly-born babies, whose mothers worked in the rice fields in endemic 
areas in Japan. More recently Hovard (1933) reported infection m a 
fc)urteen-da\-old infant of an Asiatic family traveling in British 

Pathological and Clinical Aspects of ScMstosomiasis Japonica.— Schis o- 
somiasis japonica or Oriental intestinal schistosomiasis has been known 
under various names including those of a geographical nature (Kata.'ama 
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disease, Yangtze Valley fever, Hankow fever, Kiukiang fever) and those of 
symptomatic significance (urticarial fever and neurangiotic edema). In 
the lesions produced and in its sjTnptomatoIogy this disease closeI\ re- 
sembles schistosomiasis mansoni, although the symptoms frequently 
appear earlier in Oriental schistosomiasis and are usually much more 
severe for the same amount of axposure. Both the pathological anatomj 
and symptoms of the disease may be separated into the three stages which 
have been described in schistosomiasis hwmatobia and schistosomiasis 
mansoni, namely, (I) the incubation period, (2) the period of egg deposition 
and extrusion and (3) the period of tissue proliferation and repair (Faust. 
1940). 

The Inatbation Pm'od.— The sjmi)toms during the first stage of the 
disease are similar to those of the other schistosomiases, although there 
appears to be evidence that in some cases, at least, urticarial rash, unaccom- 
panied by febrile reaction, may develop as early as five days after exposure 
to infection. This is about the time when aberrant larvae become lodged 
in small bloodvessels, and so may be responsible for the reaction. There 
are abundant data, however, to show that the onset of symptoms, consisting 
of discomfort in the epigastric region, an enlarged, tender liver which can 
usually be palpated under the right costal margin, pains in the back, groin, 
legs or along nerve tracts, with afternoon fever (38* to 39.5® C.), often 
associated with profuse perspiration at night, anorexia, dry hacking cough, 
and general malaise, occurs from three and one-half to five weeks from the 
time of exposure. Nausea and vomiting may develop and diarrhea charac- 
teristically supervenes towards the end of the period. Tlie lungs usually 
show transient areas of dullness associate<l with slight changes of breath 
and voice sounds and moist rales. At times these signs and symptoms are 
accompanied by an intense urticaria (Fig. 51) with localized edema, 
involving the subcutaneous tissue. The wheals varj' in size from a few 
millimeters to severaf centimeters in diameter, are raised, firm, white in 
color, round or irregular in contour and are surrounded by a broad red 
areola. They appear on all parts of the body, including the mucous 
membranes, and arc attended by intense itching of the affected parts 
This condition may last from one day to two weeks. There is usually a 
leukocytosis at this stage and a more or less intense eosmophilia, at times 
as high as 90 per cent. Blood is not present in the feces at this period except 
in very heavy infections. 

Natives in endemic foci are usually cxposcti to infection time and again, 
so that infected individuals commonly display several progressive stages 
of the disease at one time. One epidemic is knowm in which 40 native 
school bovs, bathing in an infected pool at Anking, Anhwei Province, 
r' ■ . , • . I . 


patients c.xperienced the characteristic urticarial rash, malaise and exhaus- 
tion, fever and sweats, with Iciikocj'tosis and eosinophilia during the 
prodromal period of the disease (Kastcin, 1932) From late October, 1944 
through the spring of 1945 there were many hundreds of military patients 
on I.<e^te, P. I. who were observed by skilled physicians during the end of 
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the incubation i)crio(l and subsequentlj*. Some patients manifested symp- 
toms of profound intoxication, others were moderately sick and still others 
were essentially asymptomatic during the incubation and prodromal stages. 
There appears to be little doubt, therefore, on the basis of the cases ob- 
.served, that tins stage of the infection in orrlinarily attended by the classical 
symptoms of scldstosomtasis toveinia. 

As far as is known, the lesions produced by iichistonoma japonicum during 
the stage of migration and inatunition of the j)arasite liave been studied 
histologically only in exp<*rimental animals. They consist in (1) definite 
skin eruption associated with the penetration of the cercaria, wliich is most 
conspicuous from the twenty-fourtli to tl>c thirty-sixth hour and disappears 
after eighty-four hours (according to Watarni, 1930, there is no local 
cellular reaction following invasion of the cercaria into the skin); (2) lesions 
in the lungs during passage of the parasites through fliese organs and in 
intense infections having the gross appearance of diffuse hemorrhagic 
pneumonia oven up to the foiirtecntli day; (3) lesions in the stomach. 



kidney and other org.ans due to escape of the sebistosoinula from the bloo 
vessels into tlie tissues, and (4) hemorrhagic congestion in the liver, sp een 
and duodenum in heavy infections during the period of maturation o e 
parasites. _ , • a r thp 

The Period of Egg Deposition and Extrusion.— The second perioa o 
disease, that of egg deposition and extrusion from the mesenteric-por . 
vessels into the tissues, immediately succeetls the first stage. It is ns ler 
in by symptoms of dysentery, witli eggs of tiie parasite in the stools, 
is accompanied by daily fever and epigastric pain, with tenderness o' er 
area, loss of appetite ami weight. The liver is somewhat enlarge an 
spleen may be palpable. After a period of three to ten „g 

patient, if untreated, slowly regains his strength, his temperature ^ . 

normal, and he may return to work, although special exertion co , * 
brings on a recurrence of the dysentery’, and the patient remains 
weight. The blood picture is that of a secondary anemia, with a lou 
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globin index juid at times a leukopenia, usually with a marked reduction 
in the number of eosinophils. 

The primary pathological process responsible for the clinical picture of 
this stage is the development of multiple lesions around the eggs which 
liave been extruded into the intestinal wall, mesenteric lymph node.s and 
liver tissue. Iloeppli (1932) has demonstrated the actual discharge of 
secretions through the shells of eggs lodged in the tissues, and has suggested 
that such discharges probably constitute one of the provocatKe factors in 
the early cellular infiltration around the eggs. In the intestine the worms 



Fig S3 — Egg? of Schistosoma japonteum in bloody mucou? exudate from ca'C of acute schisto- 
somiasis japonica dysentery X 200 (From Faust and Meleney, Am Jour, of Hygiene ) 

may be found in the vessels of the submucosa (Fig. 52) or even the mucosa, 
and the eggs are at times deposited still further distally in the capillaries, 
so that they are massed into radiating rows in the stroma of the mucosa 
from the central point in the submucosa, some being situated quite close 
to the intestinal lumen. The least pressure causes a rupture of the intestinal 
epithelium and the nearest eggs are extruded into the lumen of the intestine 
along with blood and mucus (Fig. 53). Congestion first appears in tlie 
mucosa and submucosa but later the serous surface is also involved Micro- 
scopically these lesions center around eggs which come to be surrounded by 
concentric layers of white cells, conspicuous among which are eosinophils 
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Thus tlio typical schistosomiasis pscudo-ahscess is formed. It seldom, if 
ever, undertroes necrosis, hut frequently breaks throtipli into the lumen of 
the gut, (lischarging its contents through small openings hetween intestinal 
glands. Repair of injured tissue sets in rjipidly, u itli formation of granula- 
tion ami scar tissue (I'ig. u4). Coinddent with this process is the prolifera- 
tion of glandular epithelium ahuig the periphery of the ai)scess, so that at 
times it entirely surrounds the abscess cjivity. 

Many of the eggs dischai^ecl by the female uorin are carried by the 
blood stream into the liver, where they brealc through the nails of the 
vessels into the tissue, there to produc'e similar schistosomiasis abscesses. 
'I’hcse may enlarge, with a degeneration of the more centrally disposed cells 
and without fibrous-tissue formation on the periphery, or they may hecsime 



F lo 64 — Mucous surface of the colon in a cos© of Human 8cliisto-omio«is japonica, 
mpillomatn (I'roni Faust and Melcn**}'. Am. Jour, of Ilyftienc-) 

walled off on their periphery by libroblnsts with a definite attempt to 
encapsulate the egg (Fig. 55). Iviter on, foreign-hodv’ giant cells may 
develop within the pseudo-tubercles. Along with these changes is the 
engulfing of small particles of iicmatin pigment, which had been discharged 
from the alimentary canal of the parent worms after their digestion of the 
host’s red blood cells, phagoeytosed by the endothelial cells of the blood 
capdiaries in the liver parenchNma, by the large phagocytic cells in the 
portal spaces, and by similar cells in the organizing portion of the pseudo- 
tubercles. Thus, fibrosis of the liver gets under way while the organ is stili 
enlarged as a result of inflammatory processes. This combined damage^ 
due to the presence of an increasing number of eggs which have innltrated 
out of the portal venules into the tissues, as well as from the toxic me a- 
bolites of the parent worms situated in the mesenteric venufes. 

Congestion and marked enlargement of the spleen, with increi^e of le 
fibrous reticulum, and enlargement of the mesenteric lymph nodes, > 
loss of active lymphoid tissue, are also conspicuous features of this stage 
of the disease. 
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The Stage of Tissue Proliferation and Pepair.^The third period of the 
infection, that of tissue proliferation and repair, is characterized con- 
spicuously by cirrhosis of the liver Sinc-c natives in endemic areas are 
constantly exposed to reinfection, the picture of this stage is usually com- 
bined with that of the second stage of the disease However, Japanese 
investigators have conducted experiments suggesting that partial immunity 
in.ay be acquired to subsequent infection by an initial host tissue reaction 
to the worms, fn young patients retardation of development, both physical 
and sexual, is common. On palpation, the abdmnen usualh reveals an 
enlargement of liver or spleen or of Imth organs The surhice of the liver is 
hard and is covered with myriads of minute nodules about the size of a 
millet seed (i. e., the pseiKlo-tiil>erclcs around eggs as centers). J’hc 



Pio 55 — Organidnii; or wwudotubcrcic around prz of Schutosoma laponieum in In er 

ti^.<ue (From faust and Meleney. Am Jour oflTjgieni?) 

mesentery and omentum are frequently thickened, binding don n the colon 
in a firm mass, so as to present an enlar^ment in the upper abdomen and 
another in the loner quadrants, with an intermediate constriction (Fig 5li). 
Weakness and extreme pallor of tin* skin are general and dyspnea on jight 
exertion vs usually present. Emaciation is often extreme Ascites is at 
times relatively slight but is more often pronounced. Dilatation of the 
veins of the abdomen and thorax is often marked (Fig. 57). The thorax is 
cone-shaped and the thoracic viscera are frequentl.v pressed upward due 
to increase of the abdominal contents. Hep.itic facies i.^ usually pm- 
noiinceil. The blood-pressure is often subnormal, .and the daily temperature 
m.ay varj- within wide limits 

The red blood cells are markedly reduced; the hemogloliin per cent an<l 



154 


rilK IIVMAS BLOOn FLUKi:s 


the color index are both low. Eosinophiiia is frequently lebs pronounced 
than during the earlier stages of the disease. Precipitation, intradermal 
reaction and complement-fixation tests arc usually positive at this stage, 
indicating an increase in tlie hlond scrum euglohulin anti of specific anti- 
bodies. 

The feces frequently consist of poorly digested food, with occasional 
flecks of blood and mucus, while eggs of Sekisiosomn jajmiiann are com- 
monly distributed throughout the entire fecal mass. xU times they may be 



Fig 56. — Case of schistosomiasia ja- 
ponica Second stage, showing enlarged 
upper and lower portions of abdomen and 
constricted middle region. (From Faust 
and Meleney, Am Jour of Hygiene ) 



Foster ) 


SO few in number as to be found with difficulty by ordinary smear exa 
tion; or the majority of the eggs may be so abnormal of 

overlooked or misinterpreted by the diagnostician. The °P • 
ascites is accompanied by a diminution of urine output, but o er 
urine is usually normal. , vears 

Patients with progressive hepatic cirrhosis may go on 
and only present themselves for treatment in the last stages o 
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In light infections patients may live for fifteen years or more, although the 
pathological processes at work during this time undoubtedly shorten the 
expectation of life and lower the resistance of the patient to other infections 
Moreo\er. in appro\imatel\ 12 |)er cent of schistosoniiasisjaponicn patients 
the infiltration of eggs of the |>.irasite in the inujcardiuni nia\ cause a 
complication of h.\pertension In repesited infections, there is a consistent 
decrease in fiver function, with the de\elopinc!it of marked ascites, which 
can he only temporarily lelleved b\ paracentesis The patient gr!uluall\ 
goes into a decline and ma\ die of exhaustion, or bronthopneinnonia, 
appendicitis or malaria may hasten the end. 



Tic 58. — Hepatic cirrhosisin human case of whMtosoima'Wjapoiuca X i (From Fauatand 
Melcney, Am Jour of Hygiene ) 

Tile essential pathological picture of this third period is one of great 
thickening of the intestinal wall, due to scar formation m all laj ers, develop- 
ment of papillomata of the mucosal surface of the gut, shortening and 
thiokeninc of the mesenterv, thrombosis of the mesenteric and portal 
. . . • • I rr--, cov ol.,.,.* (1) hy 

■ ‘ portal 

• secre- 
tions from eggs which are continuously escaping into tne poriai umod and 
are being deposited into the tissues. This is the same picture as that 
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described by Syminer.s for H. mnnsoni infection under the name of ‘'clay 
j)ipestein eirrliosis.” In iuldition, the hpleen is t\piculiy liM^'^trophied, 
with a marked increase in tlu* fibrous rctieuliiin and corresponding decrease 
in the functional cells. 

Ectopic ScHiiosomiasis Jaj)onira.—T\\c earlier Japanese pathological 
literature referred occasionally to Jacksonian epilepsy resulting from nests 
of S. jnponicum eggs in the brain (Yamagiwa, I8S9; Shimamura and 
Tsunoda, lllOo). Isolated clinical and pathological reports of ectopic 
schistosomiasis japonica have likewise been made in China and the Philip- 
pines. As of 1947 (I'aust, 1948) at least 49 case.s were known, compared 
with 21 for vesical schistosomiasis and 12 for Manson’s schistosomiasis. Of 


the 40, 44 involved the brain, one the spinal cord, two the heart, and three 
the skin and peripheral bloiid vessels. More tlian half of the total, or 
28 cases, resulted from infections ac([ni«?rl l)y American troops in the 
Philippinc.s between 1942 and 1945, mostly in the winter of 1944-1945. In 
some patients sjinj)toms developed during the acute stage of the disease 
and in others as a sequela, at times without a previous history of abdominal 
symptoms ((’nrroll, 194G). 

Diagnosis.— There are few clinical landmarlcs during the incubation 
period, prodromal stage or acute stage in schistosomiasis japonica which 
are in themselves i)athognomonic of the disease. However, a history of 
exposure to raw fresli water In an endemic area, together with extreme 
toxemia, allergic manifestations, late afternoon fever, nb(lominal distress, 
enlarged, tender liver and rising eosinophilia, are definitely suggestive. 
During the period of incubation the disease rcfpiircs difTerentintion from 
typhoid fever, while tlic urticaria must he distinguishc<l from food toxemia 
and angioneurotic edema. The enlarging, tender liver might he 
due to infeetious licpatitis, relapsing fever or even amebic liepatitis. Hie 
dysenteric symptoms of tlie period of egg e.vtnision must be clearly ditfer- 
entiated from those of bacillary «r amebic dysentery, intestinal tubercul^ 
sis, hookworm disease luul typhoki fever. Concentrated in the wall of the 
appendix, the eggs frcquciitlv set up cellular reactions suggestive of acu e 
or subacute appendicitis (Ozawa, 1928). The stage of liver cirrhosis may 
be confused with Lteniicc’s cirrhosis or even syphilitic cirrhosis or tu ercu 
Ions peritonitis witli ascites. Splenomegaly of schistosomiasis japomca 
may mimic that of malaria or other diseases involving the hema opoie i 
system Pronounced eosinophilia favors a diagnosis of schistosoraiasi 
japonica in persons who have Hveil in endemic areas, while the recovery 
Schistosoma japonicinn eggs from the stool is definitely diagnostic. 

Laboratory Diagnosis.— The relative efficiencies of the direct feca » 
concentration of the stool by iliffercnt methods, hatching o ‘ | 

rectal aspirate or biopsy material, as well as immunological and sero og 
diagnosis, have been given critical trial in recent years bummarj 
formation is provided here but the reader is referred to ec ion 
details of technic ,. , .„..c nnrl nf 

Direct fecal films, including representative samplings o 
feces, should always be made first and in a fair number o 
infections will provide positive diagnosis by demonstra ion ^ , v 

This method is particularly valuable in active infections wi 
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amounts of blood-streaked mucus in the stools. Xests of eggs will often 
be found in the mucus. ^\hen eggs are relatively few, ai in more chronic 
infections or those which arc apparently s\jnptomIcss. concentration 
technics are needed. If 5 to 10 Gin or more of feces are availalile, W/- 
meiitation, using 0.5 per cent glycerin in water as the sedimenting medium, 
is most practical. This is the most satisfactory method for old chronic 
infections and for post -treatment stool examination If onh one to two 
Gm. of stool are available the IlCl Aeid-Sodiuin Sxilfaic-Tritov-rthcr <on- 
centralion technic should he emplo>e<I. Tlie hntchintj technic (hauit <iiid 
Jleleney, 1924; Andrews, 1935) is proferrejl by some diagno.sticians 
In schistosomiasis japonica, as in schistosomiasis mansoni, tlierc .ire 
occasions w’hen stool examination is consistently negative but when 
aspirates or of rectal WMCotn yield positn'C diagnosis 

Immunological and serological tests, including^ the intradcrmal reaction 
and complement fixation with schistosome antigen, and the non-specific 
precipitation test of Sin and Wu or the aldehyde (formal gel) test, occur 
during the chronic stage in a majority of cases but can not be depended on 
in earlier infectious (^Vright ef «/.. 1040) t 

Because of the increasing damage caused b.\ a contimimg infection ot 
schistosomiasis iaponica, it is important to obtain specific diagnosis ns 
earlv as possible. The eggs obtainwl for diagno^is from the stool or rectum 
are 'by no means always typical; they may be 
calcified or surrounded by one or more lajcrs of host s tissue (roust, U ). 
These 1 ' ' ’ * vegetable cells, while, on the other 

hand consider undigesteti vegetable 

cells as atypical eggs oi o. jui^juaxin. I'inally, the possibility of ^ e 
development of ectopic foci of the disease demonstrates the nee or 

"‘’ThwawMiT-Potassium antimony tartmto (tartar ernetic) or iodinm 
antimony tartrate is specific for treatment of “’“stosomiasis japomca am 
its administration is usually indicated in early and modem e , 

cases. In late cases, where hepatic cirrhosis has proceeded “"'f " P™™ 
of functional recovery of the orpin, .idmniistrntion of the dnif: prob.shl3 
does more harm than good. , .. i.ot+fsr 

Although the preparation w’ith the .^Ituin sa t is s^m ' 
tolerated, it must be made up fresh each time it is u e< efficnev of 
pensaries this is impractical A CTreful chnic.il s m . _ j * t; c 

potassium antimonv tartrate m schistosomiasis japonica " . ^ 

Array General Hospitals in Wo. It .ras found '.’’o? "" "“X f 
developed if the drug was administered 'f'" j g ^4 4 
solution, according to the following tune tub e. . „ g‘ ’ ck\ 7th dav 
Sb); 3rd day, 12 ce. (21.0 mp Sb) « ■ o-“ h 

20 ce. (36 ms. Sb), 9th, lltli, 13th, 1.5th Iitli. 10th .1st, '3rd. “ th, 
and 29th days, 24 cc, each (43.2 mR. Sb), total, .1.0 cc. (0.1,6 Gm hi). 
This produced about S4 per cent cure^ to rrconi- 

Finidin and otlier synthetic trhnileiit aiitinioiiiids f 
mend tliem, in that they are admmistcml "drainer l-irlG ^ 
careful administration and are less likely to P”” “ ntinpnt of 0) cc (0 S 
and liver reaction. However, even with a total treatment of (>o cc. 
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per cent solution), 20 cc. more than originally advocated and containing 
0.5GG Gm. Sb, the relapse rate is approximately 70 per cent as contrasted 
with IG per cent for tartar emetic. Thus, fuadin is not the drug of choice 
in schistosomiasis japonica. 

An entirely new chemotherapeutic, Miracil (l-methyl-4«diethylamino- 
ethylaminothioxanthone), which was synthesized by Alaiiss and was shown 
to he active against 5. mansoni in mice by Kikuth and Gonnert, may in the 
future provide a satisfactory aUemativo for antimony’ preparations in all 
types of schistosomiasis (Wood, 1947), but this appears to be doubtful 

Improvement is determined by the grariual improvement in the patient’s 
condition, increased appetite and weight and the gradual diminution of 
the liver and spleen. Stool examination over the period shows a decrease 
in the number of eggs, their gradual degeneration and final disappearance 
The blood picture usually shows a coincident improvement, but eosinophilla 
and the presence of serum cuglobulin may persist for some time after the 
treatment has been completed- Tartar emetic treatment is contraindicated 
in cardiac block, pneumonia, nephritis and advanced hepatic cirrhosis. 

The value of emetine therapeusis in SchUiosoma japonicum infection is 
doubtful. 

Prognosis.— Good to fair in early cases, provided specific therapy is 
promptly administered; poor in all late and chronic patients with evidences 
of hepatic cirrhosis and fibrosis of the bowel wall. (For the same amount 
of infection, i. c., the same number of worms, the prognosis is much less 
hopeful in schistosomiasis japonica than it is h\ schistosomiasis mansoni, 
due to the greater number of eggs produced by each female worm and a 
consequently greater number of pseudo-abscesses and pseudo-tubercles.) ^ 

Control.— The areas in the Far East where schistosomiasis japnnica is 
endemic are practically all rice-growing districts. The disease is primarib 
confined to the rice farmers and river boatmen in these districts. Tlie 
urban population is not seriously involved e-xcept in endemic areas in the 
Philippines, where women do the family laundering on the banks of infested 
streams and children play in the water. However, sportsmen, military 
forces and others who from time to time enter endemic foci, who wade or 
bathe in infected water, freqvientv expose themselves to infection. In Japan 
domestic mammals and field mice {Microtm inontchdli, Aimdemtis speciosus, 
Mvs mohsimus, etc.) serve as important reservoir hosts of the infection. In 
China Kuang lYii (19.38) has found 12.0 per cent of 399 oxenancl 18.7 per 
cent of 40G water buffaloes in the municipal abattoirs of Shanghai infecte<l 
with S. japonieim. Dogs are also probably important as reservoir hosts 
in China In the Philippines dogs, pigs, water buffaloes (carabao) and 
rodents are common reservoirs and in the endemic focus in Celebes nogs 
and nati\e deer are involved. 

The infection is found only in tlie smaller irrigation canals and 
either in the rice fields or running up to the homes of villagers (Tig. 5J) 
(China and Japan), or’ ’ ’ ' washed into streams 

during tropical rains ' * b’^^d in the infection 

are amphibious in the ’ the quiet ' 

and ditches, where there is an abundant growth of needs and grass. 1 is 
iisuall\ occurs in .stretches of loam, enriched nith hiiintis ami fecal debris. 
The snails are never found in claj ey soil or that on n hich no vegetation is 
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found. Along the canals rmining through the villages they are most fre* 
quentb’ found near containers where night-soH is stored for ripening 
(China) or near latrines sitting over backwater (Philippines) From the 
ditches they become distributed into the rice fields at the time the water is 
treaded into the fields and develop most prolifically in the rice nursci\ 
plots which are heavily fcrtilizetl. They are definitelv “dirt\ feeder'^ ” 


In Japan it might be feasible to control the water supplv over certain 
periods, but in China wliere e.ich farmer is essentiall' a law unti> liini'clf 
as far as his crops are concerned, such control K out of the questum 'More- 
over, these snails are operculate and can withstanrl prolonged ]>eiir)ds of 

desiccation, so that such attempts — 

would produce no diminution in the 

number of snails. In at least one * 

endemic area in Japan the application . 

of unslaked lime on tlie hanks of irri- es’ 'V 

gatlon ditches and even in the rice 

fields resulted in almost complete de- ^ ^ v*-? 

struction of the snails. In China, '''' 
however, where the areas of infection 
are manifoldly more e.xtenslve, and 

where only sampling of snails from a \ 

few spots have been taken, the vast ' !’7: 

areas of infested waterwavs remain 
unsurveyed. ^ 

It IS obvious that control of the dis- V' 

ease in China and the Pliilippines b\ f;.!*;*' •*'»>'' ^*’i**-'* 

attempts to destroy the molluscan V*..*;** ' ' *' 

hosts must be preceded fa.\ an exact 

survey of ground where the snails are l,'[ ' ’) 

likely to be found. Such a scheme J 

is practically impossible as far as the ’ , , v. 

• 1 I i _ Tio sa— Termin'!! caiiftl in scni'to- 

whole area is concerned but appears ,apon.ca endcm.r men nonr .Sx*- 

tobefeasihleforcertainimportanten- diow. Chma Or^comeiama hypenait m 
ilemic foci, wliere the incidence of the .ciwunon .to™ 

Ulsease is particularly licasy. The Hypiene) 

periodic application of lime along the ... u u 

banks of canals and ditches in such definitely delimited regions 

pU,. i-e., . .t JJs, particularly if lime is mixed with 

1 s in early spring, when the infected 

' ■ MoreovW, a dilution of quicklime. 

1 part in 2000 parts of canal water, has been found to bo sufficient to 
produce instantaneous death of the free-swimming cercana; JJuniing 
the dry grass along the banks of canals during the winter season 

been suggested as a means of destroying the snail population. lenc c 

of copper sulphate solution to canal water is not likely to ic 
since the snails are most usually found on the grassy batiks abo\ e tlie w m r 
surface, but it might prove to I>e valuable in eliminating the snaiN froii 
rice plots, particularly rice nursery beds, and at the same time p e 
further alkalinization of the soil. , mi ,,i .....:i .,„u 

There are several chemicals which in heav% doses will kill t le . » • 


U ■ ■■ 

r,o S'* — Termin'!! canal in schi'to- 
Kimw'i'! laponico endemm nifii nonr .Sx*- 
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tlieir '1 Iicm* iiioludc .several (]i>nitro cottipotjud.s, ns di-nitro-eyclo- 

hf.vnJ.plit'iiolmjd (MeMiiI/en, <•/«/., 1917). Appl/witioij of tliesc 

diernicals is justifitnl only »n military operations to protect troops, .since 
it danmKC.s vepetation jukI is to.xic to fislies and other animal life. Coasider- 
nhle protection is afTorded by imprepnatinp closely woven cotton trouH-rs 
(uniform cloth) ^^ith dimethyl plithalate mid tuekinp the lower ends of 
the trousers into tlie tops of well-made leather htiot.s. Such irnprepnation 
.survives several washinps with laundry soap (Wripht W «/.. 1917 ). It is 
«)hvi(ms that tliis type of protection is impractical for the a\ crape native 
population. 

In China, wliere man is the important definiti\ e host, it seems more likely 
tliat success in rtsluetion tif the disease may he attainetl hy killinp the 
viahic <*pps before they reach tJie snails. 'I’liis may Ik- ncx-ompfishwl hy 
edueatinp the farmer jHipuIation in infected districts tt) conserve their 
niplit-soil loop enoupli to steriH/e the epps thrtmph fermentation of the 
nuslium. In warm weather this <Kx-iirs in two tvix^s or less; diirinp the 
winter months it W(nd<l retpiire a lonper time. .Such a plan would tir)t 
preatly rwluw the fertillyer value of the niplit-sojl. As lias heen previously 
suppe.st('d, therapeutie propliylaxis for the masses is out of the (piestion in 
emiemie areas of sehistos<miiasis jn{)oniea. In the I’hilipjiiiics, the wn* 
struction of siuitary latrines. steriUration of water for household purposes 
hy chlorination mid tlm Imihlinp of eonerete jilatforms w ith simple lainalry 
facilities would eousidendil.v rssliioe tliedanper of exposure. Thus it seems 
most fcasihfc to attempt to break the viejoiis ey<‘)<* in endemic foci in 
.Inpaii, where the areas of Inhx'tioii are circiuuscnlxxl ami where man Is 
only one of se\eral imjHirtant definitive liosts, hy an antimolluscan 
eatnpaipn. In (’hlna, where the endemk* areas are Irememlous in sire and 
inostl.N unsurveyed, and where man is the imjiortant ilefinitive host, the 
jirohlem of proentloii and erailication seems most likely to he suctxsvsful 
hy centerinp the eampaipn on the <Iestniction of the epps of the parasite 
in the niplit-soil before it is distrihiitnl onto the ficlcls. In the I’hilippincs 
the problem Is nmre strictly a <Ioinestic one. It rouhl he solvwl h.v provid- 
inp .sanitary csmveniencx’s in the villapes and (slucjitinp the iKiimlatioa ns 
to the hazard of contact with niw water. 

Schistosoma bovis (Soiisioo. 187(5) IllanclutrfI, ISP.’j. — (’J'hchovi/iehhxjd 
lluke.) 

Synonyms. Hilhnrzin Itoriit Sonsino, I87G; liilharzm on.« Coblwld, 18S.), 
OyruTcophont^ rrosoM (Sonsmo, 18SS) Stossich, 1892, S. mallhei Veplin and U 
Hoax, 1929; S. ctiras^om Prompt, 1931; rodhmni Ilnimpt, 1931; .and S oiltr- 
calalum Fisclior, 193-1. 

Schislosovin bovtn was disco\ prod by Soiisino in tlie ixirtal vein of oxen 
in tlie Nile delt.s in April, 1870, ami Uter report etl by Gras.si and Rovclli (Ibbiil 

in 75 per cent of the native Hheep near Catania. It has since boon reported rota 
. . . • ■ ..« • . . I and, more rarely. 

. ’ ■ Dtamia, the Malay 

the pray monkey 

' .1, ...si. r.r.rnqri'P of tins .sjiccics, and al'O 

. • oio porcoritis) He 

•sia, w ho had eaten 

a ra» o\ ruI Ca^cs of infection in nian are apliarcntly iiilreqiiciil, althoiish tliere 
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are reports of liuman infection in Natal, Soutlierii Rhodesia and from the Stanley- 
ville district of the Belgian Congo 

The adult worms have been described m detail by Khalil {192-1), Vegha and Le 
Roux (1929), Brrnnpt (1930) and Fischer (1934). The males vary m size from 15 to 
22 mm. in length bj’ 1 to 2 mm m thickness, s>hile tlic females are 12 to 28 mm in 
length and arc \erj' slender. The intcgiinieiit of the male is tubercul.ite and is 
covered witli minute spines. There are 3 to 6 testes, situated just bclniKl tlie ventral 
sucker. The o\ ary is located at or behind the middle of the body The utei u-- con- 
tains a few to several dozen developing eggs, which are broadly spimlle-'haiiecl and 
may be distinguished from those of S hxJnalobium, m that they an- longei and 
narrow er (170 by 45 fi), w ith a charflcletistic tcmiinai spine (Fig 12, 4"* and almost 
always appear in the fecos In South Africa and the Belgian Congo. 
africana appears to be the appropriate intermediate host, in Kenya Colonv, Dodes- 
well (1938) has infected P. nosii/rt, while in Corsica, Brumpt (1930) hasinci’iiniuted 
Buhnus conlortus. In Sardinia B. eontorii/t var sxpnf^anui is involved, ni Bagdad 
(Iraq), B, truncalus, and in Tunisia and Morocco, B cantortus The cercai la i- tliat 
of atypical blood fluke It measures IfiO to 200 /x in length by 50 to SO it m diameter, 
has a tail trunk 180 to 280 p long and 30 to 42 p in section, and caudal furcie 80 to 
120 p long There are two pairs of (anterior) oxyphilic and two pairs of (posterior) 
basophilic penetration glands. Infection with tins parasite produces a tvpical 
intastmal schistosomiasis. 


Schistosoma spindale .MoiitKoinery, 1900. 

T 

vein 

and 

(191 

which develop in fndoplanorbts exustui in the vicinity of Bombay 1 airioy anu 
Mackie (192(5) have investigated the pathological anatomy of this infection, their 
material showing marked thrombosis of the portal vessels and a periportal cirrhosis 
The males of S. spindale range in size from 5 0 to 13 5 mm in length, and the 
females from 7 18 to 10 2 mm. The Integument of the males may or may not he 
tuberculate, but is characteristically spino'O. There are tliree to seven or more 
testes. The eggs (Fig. 12, 5), which arc very long, spindle-sliaped objcct.s with a 
terminal .spmo, are typically flattened or bowed on one side, and 

They are almost 
■ ■ e's e.xperimental 

material, worms were found m the ihac, azygos and renal veins and eggs in the 
bladder w all The cercari® are narrow er and have longer tail trunks than oI 
the other mammalian schistosome species They' possess fi\ e pairs o pene 
glands, two anterior oxyphilic and three posterior basophilic, and an accessory pair 
of flame-cells. , 

This infection in Indian cattle produces a nasal c ^mdale 

PoSStble^ f 

recoverec ■ 

Zululand), where Annie Po'-t*''- tth2ril has experimentally mcruniiiaieu r maor 
Pfeifferi as the mollu«can ho 
part of Africa, m Indm am 

has been found to be the . , , , , 

- • . . • » lulcola !in<x Jj- ‘■ 

lias found that the cercarra of 
The primary skin le'ions are 


11 
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not m tliemselves important, but the pruritus which they produce commonly causes 
scratching, with subsequent pyogenic infection of the sites. {Vide in/ro, Cercaria 
dermalitis). 

Schistosoma incognitum Chandler, 1926. 

Chandler (1926) found a non-operculate spined egg {SchUlosoma incognitum) in 
supposedly Imman feces from the vicinity of Krishnagar, Bengal and from a 
l^epal ■■ ‘ ~ . — , , .1 i , r 1 • 

soma i 
ever, • 
the sp 

Saunders (1934) believes that this schistosome is a natural parasite of the Indian 
pig, from the droppings of which animal in Madras he recovered presumably identi- 
cal eggs. Bhalcrao (1934) has described males of a blood fluke obtained from a 
Calcu tta pig, which worms he identified as a rariety of S.japomcum. These findings 
possibly all rcfci to one and the same species, but it is doubtful if they refer to the 
typical S. japomeum. 

Schistosomatium douthitti (Cort, 1914) Price, 1931. 

This mammalian schistosome is not described as a visceral parasite of man, 
although it develops m nature is several fur-bearing hosts in the Northern United 
States. Its mollu«can hosts are a variety of fresh-vatcr snails, including Lymnxa 
refiexa, L. stngnahs var. appressa and var. perampla, Stagnicola exihs, S.palutim, 
S palustns var. ehdes, 5. cmarginaia-cngulata, Physella parkcri and Pky$a gyrtna 
elhptica Pennci (1941) suggests that S. doulhtdt may at times become a systemic 
parasite of man. 

Cereada Dennatitis. 

Synonym.— Su'injnier’s itch. 

Etiology.— In 1928 Cort showed that Cercaria ekx Miller, 1923, u non- 
human scJiistosome larva developing in Lymnsa stagnalis var. appressa, 
and what was believed to be the same species of schistosome in L. {Stagni- 

• • • • • T 1 Ja 


Lake region, C. siagnicolx, developing m Slagnxcoia c/HU/j/i/iiuu-uiiy...... , 

and C. phjsellx, in P. {PhyscHa) parkeri and P. magnalacustns. These two 
new’ species were probably part of the cercariee described by Cort (1928) 
under the name C. ehx. JIcMulIen and Beaver (1945) demonstrated 
experimentally that these tliree types of cercaria* develop in experimental 
bi^s into species of tiie genus Trick^ilkarzia, T. ocellata (for C. eh'x), 
T. siagnicolx (for C. siagnicolx) and T. physellx (for C. jxhipeUxh 
while Cort (1930) found that the cercaria of Sc/nsiosomatium dvni/ii ii. a 
mammalian blood fluke not known to mature in man, also produces 
nn r>nnt'if>t With Jiiimaii skill. Szidat (1942) states that • 

. r f«ros/.Iy 


that other non-human schistosome cercariae .iif h'l. 
dermatitis in man. . , , 

Geographical Distribution.— In addition to Douglas Lake ot ler me « 
lakes have been found to harJmr snails discharging dcrmatiti^-prodiicmg 
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cercariae, viz., ^lichigaii, additional lakes; Minnesota, several lakes 
(Christenson and Greene, 1928); Wisconsin, limited infection (Brackett, 
1940); Oregon, vicinity of Portland, “C. oregonensis," probably Tncho' 
bilharzia ocellata (Macfarlane and ilaQ', 1946); Manitoba, Canada, T. 
-physellx (syn. rscxidohilharzia qucrquedulae McLeod, 1937) reported by 
Swales, 1936 and IMcLcod, 1937, and El Salvador, on lakes where Manitoba- 
banded ducks are caught during winter migration. Moreover cercana 
dermatitis has been reported from Germany, France and Wales, caused by 
"Cercaria occUata," and from the Federated Malay States (Buckley, 1938), 
where cercariae of Schistosoma spindate cause a pruritic dermatitis among 
paddy workers. 

Pathogenesis and Symptomatology.— In susceptible individuals, as the 
water evaporates from the skin, a prickling .sensation is e.vpcrienced, fol- 
lowed by the rapid development of urticarial nheals. The condition sub- 
sides in about onc-half hour, leaving only a few macules. Several hours 



I'la 00 — Ccrcarm dcrmstitis, accompanied by 6niinm«r'» itch, due to penetration of the 
liumau skin by cercaria? of a non-buman ^chi'.tiwomc (.\ner Cort. Jour Am Med. As«n ) 

later, however, an intense itching of the region detelop',. accompanied by 
edema of the affected member and by transfonnation of the papules into 
pustules The condition is most intense fort.\ -eight to scvent.\-t\\o hours 
following exposure, after which time it gradualh subsides. According to 
^ ogel (19.30). parasites in "false hosts” set up a stranger reaction tk-iri in 
hosts to which they are iiorinalb adapted, tlms explaining the set ere reac- 
tions observed in ('ercnrtn dermatitis. 

Diagnosis and Treatment.— Specific ibagnosis can iie made onlt in are.is 
where careful parasitological survejs Imc ileinonstrated the presence of 
flcnnatitis-pr 
foci for jj.itie 
is palliatitc, 

and preteiit M-coiidan infection 
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Table 1 DirflnewrUi. DlAO-)o^,a of t iib Three Common Bpcc.ea or IIcmah ScmsToaoMis 

Adlltr 


lenOlh 10-15 inn) 
brmdth 0 8 10 mm 
infr^mpRl finely lu)ipr> 
culate<t 


(pafp* larce, fonr 

Imuik SO mm 
brtridik 0 25 mm 
OMPB In poAtenor thiiil 
of f>oil) . in ffoni of m. 
tpHtiriRl junrtioit 
ufraui c^ntamA iarre 


lu mliei 

ppineil PR*-* 


Unfitk 6 4-0 9 mm 
briidfi ! 0-1 2 mm. 
tnfeffumfn/ RIOMly (uber> 


IftifM ecnalt, six to nine 

/«i0fA 12-15 mm. 
breadth 0 10 tnm. 
orarg id anterior hsU of 
hotly m front of mlm- 
tinsl junction 
utrrvt contsms one. at 
mo«t three or four lat- 
eriil-Apineil ejtEi 


S' fOpanicum 


iengtk 12-20 ram. 

6rM<f/A 0 5 0 55 tom. 
in/eOujneBf smooth except 
for tniriute spines on 
suckers and gynecopho- 
w] cann) 

teiUt ovoid, compressed. 

seven, m one column 
length 15-20 msi 
hreod/A 0 3 mm 
ararg m middle of body 




n«0A 


Sue 

Shape 

iSudate from viluch 

' U2-17«x40-70u 
! ot aI »i(h conical end 
terminal 

1 usually urine, occasion. 

1 ally fete* 

IU-l75x45-r.8B 
elongated oval 
lateral 

ueuall) feces, Mcasion- 
ally urine 

70-100 * 55-63 p 
oval to rounded 
lateral 

feres only, although eggs 
are (oiirid occasionally 
in bladder wall 


MiKAaoiA 


Gut 

1 small, short 

1 large, extending over 

small, short 

Anterior penetration 
glands \ 

small, short 

large, extending to pee- 
lerioe plane ol nerve 

small, short 

Lntera^ t’oictmtion j 

tuo pnitcsl mnaae* with 
meilutm aeparalion 

two paired mwees inter- 
nally iinseparated 

two paired mosses inter- 
nally unssparated 


CcRCARie 


Sue 

Bodj 

Tail trunk 
furei 

Anterior sucker 


Penetration island 
Duct openingA 


Second intermediate 
generation 
Kno«n hosts 


2 pairs nith large nuclr 
and finel> granular. 
Ox} phihe ev loplasm. 3 
Pam nitb finelj (tran- 
'ilar. Iiasopbilic c'*' 
M*sm 
(pests alum-rarmine 
diflerentistion) 
Moderateij (hick 

At anterior end of oral 
sucker, capped hx 5 
{lairs of holUm, piere- 
InR spines 


Sporocjsl 

Buliitui eonlortue, D 
Irunealus, B dybo>e. 
till. B teojneu*. B 
/grikalt, B brothtt. B 
tRSeii. Phgeogtit a/rt- 
cana. P glebaia, P, 
lehadeniti, P nnmfa, 
Planorb%> dufmrii ■ 
I.ymniea nalaletiMi* (') 


2 anterior pairs nitli Urge 
nuclei and eoar$el>- 
Kranular.ott philiccj lo- 
plasm; 3 for 4) pairs 
nith small nuclei and 
finel) graniilnr, baso- 
philic olopHsm 

Very thick. 

At anterior end of oral 
sucker, capped by 5 (f>) 
pairs of hollon. pierc- 
ing spines 

Alisent or ephemeral 

Many cells at posterior 
end of bods 

BpOTOcyst 

Planorbu beit^gi. P a/er- 
andriAut. P r/nJTen. 
P audaaicut. P. rvp- 
peHti. Austroforiit gla- 
bralue A. aOltguenef. 
Tropscorbit cenlimefro* 
hi, Bahnui Iropteui. 
PAgeoptae <*/• leana , 


10O-1C0E40-C0R 
140-lW) * 20-35 M 
50-75 M lot** 

33 a in transection a 54 a 
in length 

2 anterior pairs "ith titge 
nuclei and coarselj gran- 
ular. oxjphilic cjto- 
plism. 3 posterior pans 
«ith smuller nuclei Slid 
finely granular ba«o- 
philic cytoplasm 

Very thick 

At anterior end ol oral 
sucker, capped h* 
pairs of hollo*, piercing 
spines 

One large gland piesent 
Clustere.1 mass of cells 
just behind acetabulum 

Sporocjst 

Oncomelania hupeni'i- 0 
(KaMuamo) noiophora 
fA'f /ormwwr^r. O 
guadraii <a\n Schuloio' 
tnophortt tigdrob\op»e) 
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. Control.— The problem is particularly important in lake regions which 
are popular resorts for summer guests, since dermatitis from bathing nr 
swimming produces so much inconvenience that vacations are practically 
ruined, with considerable loss to hostelries which cater to the summer 
visitors. Brackett (19.39) recommends killing the snails in infested waters 
by using copper carbonate, particularly along the shallow « aters where the 
snails most frequently breerl, in an amount of 3/10,000 pound for each 
calculated cubic foot of water to be trcaterl. McMullen and Beaver (1945) 
suggest tliat protection of beaches of lake from flocks of migratory birds, 
especially in the fall, may prev’cnt dermatitis the following j’car. 
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TREMATODE PARASITES OF THE INTESTINAL TRACT,’ 
BILIARY PASSAGES AND LUNGS 

INTRODUCTION 

As far as tlioir life cycles are known, all of tlie sj)ecics of trematode.s whicli 
arc parasitic in tlie intestinal tract, biliary passages and lungs of mammals 
gam access to such liosts as encysted metaccrcarim, which are taken in as 
contaminations of fond and drink. The cyst membrane, uhich has previ-. 
ously been secreted by tlie cercaria and wliich enables the larva to pass 
through tlic gastric secretions uninjured, is eitlier digested off or weakened 
by tlie intestinal juices, so that the activated larva is cnalded to break out 
of its teInpora^^ prison and directly attach it.self to the intestinal wail or, if 
a parasite of the biliary passages, after migration, ilirectly or indirectly, into 
the biliary tracts, to take up its abode in these oiitpocketings of the intes- 
tine. In tlic case of Vuragonimus, the lung fluke, the metneercaria, after 
oxeystinent in the intestinal Iiiineii, penetrates tlic intestinal wall and 
migrates to tlie lungs, wlicre it <Icvclops into the adult norm. The trem.a- 
todcs which have heen found in the intestinal tract of mammals belong to 
the suborders Monostomata, Stngeata (superfnmiiy Striftoidea), Amphisto- 
mata and Distomata. Only members of the groups Amphistomata and Disto- 
raata arc known to bo parasites of the human intestine. Tlie parasites of 
the biliary passages of mammals and the lung fluke, Parogonhnuf, all 
belong to the suborder Distomata. 

A. AMPHISTOMATE INFECTIONS OF MAN 
Suborder Amphistomata (Rudolpbi, 1601) Bojanus, 1817. 

Tins Mibordor is an a'.'=em!)laKc of families, all grouped under tlio superfannly 
ParamphistomatoJdea, having the acetabulum caiidotcrmin.Tl, subtermlnal nr 
ventral, close to the caudal extremity 

The ampliistomcs arc at present generally recognized as consisting of six families 
Parampbistomatidas, Gastrodiscids, Opistbolabetidce, Gyliauebenidje, Ccphal- 
opotidse and Microscapbidiidas, of which some species are parasitic in lower verte- 
brates, others in avian hosts, hut the x'ast ninionty live m the intestinal tract of 
mammals A vor)’ large numl'cr of sjiecies of amphistonies occur in domestic and 
wild ruminants, including cattle, sheep and equmes. Two species, llalsoiuus 
u-atsom and Gailrodiscoidet hommis, members respectively of tlie families I’ar- 
amphistomatida; and Gastrodischlae, have been reported from man. 

Famih) PARAMPIllSTOMATJDAi (Fischoeder, lOW) cmeiul 
Hiiles and Ooldherger, 1010 

This group consists of amphistome species having no ventral poucli 
Genus Watsonius Stiles and GoLDUEhr.ER. 1910 
(genus named for Dr. ^^at.son of ^lOrthern Nigeria) 

Watsonius watsoni (Conyngham, 1901) Stiles and Goldberger, 1910 
(Watson’s fluke). 

Synonyms.— Amphislomum ifofeen* Conyngham, 1904; Cladorchis 
(Conyngham, 1904) Shipley, 1905; Paramphi^tomum icahom M.mion, 
Psctidodiscus tcatsoni Fukui, 1929. 

(ICO) 
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Historical Data and Oeographieal Distribution.— Tliis parasite has been re- 
ported only once from man, liaving been found at the autopsy of an emaciated 
West African negro who died with symptoms of severe diarrhea soon after admission 
to a hospital in Northern Nigeria TTie present author hag found it twice m the 
" ’ ' * 'en obtained from the 

Many of the flukes 
numbers were found 

aiive aim uuiiereni lu me wait ui me aiiuueuuin aim up|>ei pait of the jejunum A 
few were also recovered from the lumen of the lai^e intestine The living worms 
were described as pear-shaped bodies, reddisli-yellow in color, with a translucent 
gelatmous appearance. They were flattened vcntrally and w ere somewhat indented 
posteriorly at the margin of the large posterior -sucker. The specimens, when 
preserved, assumed a slaty-brown color. 



Fio 61 —Adult specimen of U’aN 


Structure and Life CjcU.—lVatsonivs tcat- 
soni (Fig 01) has a length measurement of 
8 to 10 mm., a maximum breadth of 4 to 5 
mm. and is 4 mm thick. It is pyriform in 
shape, being broadest near the junction of 
the median and posterior tliirds of the bodj 
The ventral surface is slightly concave, parti- 
cularly at the margin of the acetabulum; it 
is surrounded by a con\’ex ridge u hich be- 
comes inconspicuous anteriorly. The integ- 
ument is traversed with transverse ridges 
The acetabulum is subtcrminal and meas- 
ures 1 mm. in diameter. The oral opening is 
ventro-subterrainal and is provided with 
digitate paplllfe; the large oral sucker, which 
lies sunken into the body, is about one-fifth 
as long as the bodv and measures 1 2 mm. 

- ^ ■ , . • 1 » -.L no 01 — AUUII speem 

m transverse diameter. It is provided with u-oiiom. ventral view x c 
a pair of latero-posterior pouches. The (After Stiles and CoidbeiEer, Hy- 
pophagu., „ hich ari.es from the inner mtal- 
lan aspect of the oral sucker, first proceeds 
ventrad, then bends abruptly dorso-caudad. 

The intestinal coca spring from its posterior outlet, first arching postero- 
laterad and then proceeding directly caudad to end blindly just behind the 
anterior margin of the acetabulum. 

The excretorj system is relatively small and incorispicuous It has been 
studied only inadequately. 

Except for the vitellaria, all of the genital organs he m the midplane of 
the body between the intestinal ceca. The testes are squarish in contour, 
with sharply notched fissures, they lie one in front of the other in the mid- 
third of the body. The two vasa cfferentui, which arise from the anterior 
aspect of the testes, unite just in front of the anterior testis to form the \ as 
deferens, which proceeds fonvaitls as an intricately coiled tubule In its 
more posterior portion the vas deferens is thin-walled (vesiciila seininalis 
s. s.), but more anteriad it has a muscular wall. At the forking of the gut it 
suddenly enlarges into a bulbus, the pars prostatica On the anterior mar- 
gin of the bulbils there arises a thin-w’allcd capillary tubule, the cjacuiator.i 
duct which proceeds to the genital papilla The ovar.\ is a rather small, 
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ovate body, lying behind the posterior testis and slightly to the left of the 
mid-line. Tiie oviduct, which arises from its dorso-anterior aspect, pro- 
ceeds dorsad and then caudad to the ootype, which, with its encompassing 
Mehlis’ gland, lies above the ovavy. Laurer’s canal arises from the dorsal 
bend of the oviduct and proceeds to the dorsal wall of the worm, where'it 
apparently opens to the exterior. The vitellaria are finely granular 
aggregations which lie within the anterio-posterior confines of the intestinal 
ceca but are somewhat extra-cecal in their lateral boundaries. Ducts from 
these glands join to form a common lateral vitelline duct for each side of 
the body, the two lateral ducts proceeding mesad in the anterior plane of 
the acetabulum, uniting just behind the ovary and proceeding as a single, 
short duct into the mass of the Mehlis’ gland, there to join with the oviduct 
in the formation of the ootype. No seminal receptacle has been described 
for this worm. The uterus arises from tlie antero-ventral aspect of the 
Mehlis’ gland and ascends anteriorwanls by tortuous codings, being con- 
tinued from the level of the esophageal fork as the metraterm and, piercing 
the muscular region of the copulator^- apparatus, opens into the genital 
papilla just posterior to the ejaculatory duct. The eggs, which vary in size 
from 122 to 130 by 75 to 80 m, described as being similar to those of 
Paramp^iflomm comeum. 

The life cycle of the organism is unknown but, judging from analogy, the 
cercaria, upon emerging from the mollusean intermediate host, encysts on 
grass and is thus transferred to herbivores. 

Epidemiology.— Afan and other susceptible hosts are apparently exposed 
to infection from ingesting vegetation on which the metacerenri® have 
encysted. 

Pathogenesis, Pathology and Syinptoraatology.— n’ofsonijw ivafsoni is 
attached to the mucosa of the duodenum, ileum and cecum, causing inflam- 
mation and sloughing of the mucosa, with scar-tissue formation in chronic 
cases. The infection gives rise to severe diarrhea and toxic inanition, in 
some hosts probably terminating fatally. Only one case of infection in 
man is recorded (Africa). 

Diagnosis.— Made by finding eggs of the parasite in the stool. 

Therapeusis.— Unstudied. Carbon telrachloridc, tctrachlorcthykne nr crys- 
toida anthelmintic is probably specific for the infection. 

Control. — Unstudied. Since the infection is undoubtedly contractc< 
from ingestion of the encysted metacercaria along with food and drink, 
thorough heating of such food and water will prevent infection. 

Family GASTRODISCW^. StUes and Goldbergcr, 1010 

This group consists of amphistomate species with a discoidal body, 
divided into a cephalic and a caudal portion. 

Genus G-Vstrodiscoidf-s Leipkh, 1913 

(genus from ■yaoriip, belly, and ffimm, disk, with the suffix 

like or similar) 

Gastrodiscoides hominis (Lew'is and IMcConnell, lS/(i) Ueiper, 1913. 



GAsriionrscoiDEs homims 


Hi!) 


Histoncal Data and Geographical Distiibotion. — This amphi'.tomo was dis- 
covered and first described by Lewis and McConnell in 1 87G, from materia! obtained 
from the cecum of an Indian patient. The worm was redescnbed hj' Stephens from 
Jiuman material from Assam, and by Lciper, who roevamined the original material 
and created the genus Gastrodiscoides for it, because of tlie presence of a genital cone 
and of the absence of papilla? on the venter The worm has also been found in man 


Kamrup district of Assam. In some indixnduals as many as several hundred worms 
w ere evacuated. Khalil has described it from Tragulus napu from tlie Malay States 


Structure and Life Cycle.— Gastrodiscoides hominis (Fig. 02) is reddish- 
orange fn color when living but becomes creamj -j-eflow or grayish ivhen 
preserved. The body is divided into an 
anterior, conical portion and a posterior, 
discoidal region. The worm varies in length 
from 5 to 10 mm. and in cross-section from 
4 to G mm. In preserved material the an- 
terior cone measures about 2 mm m length 
and is flattened dorso-ventrally. Its junction 
witJj the disk is gradual and ilWe/incd. 'Jlie 
prominent genital cone lies slightly behind 
the mid-plane of the conical portion The 
acetabulum, which is situated in the caudal 
portion of the bo<ly, is directed ventrad. h 
measures 2.5 to 4.5 mm in diameter, de- 
pending on the amount of its c-xpansion or 
contraction The integument is aspinose. 

The mouth is situated antenad It opens 
directly into a globular oral sucker. At its 
slightly constricted posterior margin it gives 
rise to a pair of lateral pouches and a median 
prepharyngeal tube The latter leads into a 
pharyngeal bulb just in front of the origin 
of the intestinal ceca. The ceca extend pos- 
ter* * • 



Flo 62 —Adult apecimen of Ga»- 
Iroducoviea komxma, ventral view 
X 10 (Onpnal) 


lui 


I blindly. 

• dorsal to the acetabu- 


With the exception of the anterior portions of the uterus and of tlie 
male duct leading up to the genital cone, the genital organs are all situated 
in the disk. The testes are large Iob.tte objects, situated somewhat 
obliquely near the anterior m.'irgin of the disk. From the anterior aspect 
of each testis there arises a vas efferens which unites with its mate to form 
the Vas deferens. The latter becomes dilated along its course cephalad to 
form the seminal vesicle Iloth cirrus pouch and pars prostatica appear to 
be lacking. The male duct opens on the summit of the genital cone just 
below the female pore. The rounded ovan. whieJj is inucli smaller than 
the testes, lies in the center of the disk. Just to its right and slightly 
posterior in position, is Mehlis' gland Connecting these two objects is the 
oviduct, with an intermediate oiitpocketing, which has two branches, one 
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of fan-shaped groups of fine follicular particles near the lateral margins of 
tlu* disk. Their ducts coalesce to form the lateral vitelline ducts, which are 
transverse in position and unite on the posterior side of Alchlis’ gland and 
ovary to enter the oviduct just before it proceeds into the odtype. The 
uterus arises from the right shle of Mehlis’ gland, coiling first outwards, 
then upwards, then to the left, from which position it advances in an 
oblique plane between the testes and then forwards to the genital cone. 

Buckley (1939) states that the eggs measure 150 to 170^ in length by 
150 to 70 fi in maximum breadth, that they are rhomboidal rather than 
ovoidal, have a narrow operculum and are pale greenish-brown in contrast 
to the ycliowish-brown eggs of /■odcjofo/ww buski. At a temperature of 80 
to 90° r. they become fully einbryonated in sixteen to seventeen days. 
Furthermore, they have a peculiar stickiness. The miracidium, which leaps 
out of tl)e shell u’hen tJje operculum pops open, is long and narrow and 
swims about with a rotary, streamlined movement. It has a prominent 
apical papilla, a primitive gut about one-third the body-length and a pair 
of penetration glands, one on each side of the primitive gut, a pair of 
flame-cells, situated somewhat anterior to the equatorial plane, and is 
phototactic, although it lacks “eye-spots.” 

The fate of this worm outside of the mammalian host is unknown. The 
related nmphistomes, Oastrodiscus segypthais and 0. secumlus, have been 
recovered from the horse in Egypt, and O', minor, from the pig in A'lgeria 
and Uganda. In Egypt snails of the genus Ckopaira are believed to be the 
intermediate host of G. xtjppliacna 

Epidemiology. — Unstudied. 

Pathogenesis, Pathology and Symptomatology.— GnsfrodwcoidM honiinis 
liv'es attached to the mucosa of the cecum and the ascending colon, where 
it causes inflammation of the mucosa with attendant symptoms of diarrhea. 

stool. 

'■ . e evacuation of 

*1 - . r.f tlu'inol. Buckley (/. c.) 

etrachloride, ietra- 



B. DISTOMATE INFECTIONS OF MAN 
Suborder Distomata (Zedcr, 1800) Leuckart, 1856. 

This suborder is an assemblage of families haying the acetabulum dis- 
tinctly precaudal and frequently pre^jiatorial in position. Bj j 
largest number of trematodcs parasitic in man is found m this su or 
All of these species belong to a number of families which, for 
have been grouped in the following superfamilies: Fascioloidea ( ' 
Goldberger, 1910) Faust, 1929; Echinostomatoidea 
^oidea (Dollfus, 1930) emend.; Opisthoichioidea (Faust. 19-9) Vogel, IM-i, 
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emend, Troglotrematoidea Faust, 1929, emend., 1939; and Hemiuroidea 
Faust, ld29, emetid., 1939. 

SirpERFAMiLY Fascioloidea (Stile'? Goldberoer, 1910) 
Fai*st, 1929 

Species of this proiip are now all placed in the tj’pe family FascioUdas. 
They obtain transfer to their definitive hosts by encysting in or on vegeta- 
tion or fishes eonsnmecl raw by such hosts. 

V’.vpe Fnnuhi FAt^ClOlJD.VA Railliet, I89J (syn FASCIOL- 
OPSIDJE Odkner, 192G). 

This family consists of only a few known species of large distomes para- 
sitic in land and sea mammals. Two species of the genus Fasciola (F. 
hejMitiea and F. giganfica) and the one recognized species of Fa.tc{oIopsh 
(/' hii.ilci) have ])een reeoniwl from man 

Gen'us Fascioh Lin'n*a:i:s, 1758 
(genus trotn fasciola, a fillet) 

Fasciola hepatica Liniwus, 1758. (The common liver fluke, causing 
fascioliasis hepatica) 

Synonyms — Dtsfonia hepaheum Linn., 17o8, Distomnm hepaticum Retzms, 
1780; Planaria lattuacula Goeze, 1782; Cladocahum hepaticum (Linn, 1758) 
Stossich, 1802; Fasciola caUfomica Smitsm, 1933; Fasciola hath Simtsm, 1933, etc. 
Historical Pata and Ooocraptueal Distribution.— This ilukc, which was the 


reported from the North Central States It has been reported from the sheej), o^c, 
goat, camel, iiama, elephant, buffalo, d<^, horse, ass, several species of rabbits, 
guinea-pig, squirrel, bc.'ivcr, deer, roe, antelope, kangaroo, monkey and man It 
lives in the biliary passages of the mammalian host, where it produces a disease 
commonly referred to as “liver rot.” 

Human cases have been reported from Venerueb, Argentina, Puerto Rico, Cuba, 
Republica Domimcana, Costa Rica, Mexico, Chile, Syria, China, the U S. S R 

(includi - • ‘ ’r" •! 1 . . .o 4> ■r. T. . 

Hiingar 
0 ft per 

Structure and Life Cycle. — TTic IkxIv of Fasciola hepatica is quite large, 
measuring up to 30 mra. in length by 13 mm. in breadth; it is relatively 


the liroaifer, flattened Icaf-Nke bods'. The posterior end is hroadlj* pointed. 
The relatively small but conspicuous acetabulum, which is near the base 
of the cephalic cone, measures about 1.6 mm. in diameter, while the oral 
sucker axerages about 1 mm. 



172 L\T/:S7'IXAL, lilLIAItY AXD PULMOXAItY TIIKMATODIIS 

'Hie intestinal tract, wlucli opeiiH inwards from tlio oral sucker, consists 
of a well-developcfl pliar.vn.v, a very skjrt csoplmgus and lonj? intestinal 
ceca, with secondary and tertiary branches, the ceca extending to the 
posterior extremity of the worm. 

The excretory system, altlmiifili highly complex, is reducible to « simp/e 
fundamental pattern. 



Fio. 63 — I’hotomicrograpli of the adult slitrp loer Suke, foscio/a heimtien X -I '■ 
ventral sucker, OP, genital pore, o^>, *'o6t>’pc.*' M. oral sucker, or, ovary, t, /, testis, rt , ' 

laria. (Adapted from Faust, m Brennemann's IVactice of Pediatrics, courle**!' of . r • ‘o 
Company, after photograph by Professor II J. Van Clea\c.) 

The genital organs are well-developed. The testes are highly dendritic 
glands, wliich are situated one behind the other in the second- and thir 
fourths of the body. From the main anterior stem of each te^is there 
arises a vas efTerens, whicli runs anteriad, paralleling its mate, to the region 
of the acetabulum, where the ttvo ducts unite at the base of the cirrus 
pouch. Within the pouch three regions may be distinguished; a pos erior 
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swollen pocket, the vesicula seminalis, fille<l with sperinatozo.a; a median 
capillary tubule, surrounded by prostate glands; and an anterior muscular 
region, the cirral organ, which opens through the delicate precirral canal 
into the small genital atrium, and is frequently projected through the 
genital pore The female organs consist of highly branched ^•itelIaria, 
which lie in the lateral fields, with a main longitudinal duct for each side 
which has triangular connections Avith the transverse ducts, the latter 
joining one another and entering the “ootjpe” from the posterior aspect; a 
highly branched ovary, much smaller than the testes, lying on the right 
side of the mid-line in front of the anterior testis and opening into the 
“ootype” through a short oviduct, a short, vestigial Laurer’s canal, arising 
from the left side of the “ootype” and ascending dorsad; the “ootype”, a 
somewhat dilated chamber surrounded by a spherical mass of minute 
glands (Mehlis’ gland), and a uterus, Avhicli arises from the right side of 
the “obtA’pe” anterior to the oviduct and ascends anteriad as a highly 
coiled, meandering tubule towards the genital atrium. There is no seminal 
receptacle. The distal extremity of the uterus crosses under the cirrus 
pouch and opens into the genital atrium at the left of the male organ 
Stephenson (1947) found that the adult worms survive in vitro for a 
week, without bacterial disintegration, in a mildly alkaline inorganic 
medium; that sugars, especially monosaccharides, prolong survival, but 
that bile salts in the medium are harmful. The optimum pH appears to 
be about 8.4 In mo the worms feed mainly on blood, converting oxj’hemo- 
globin first to hemoglobin, then to acid heinatin. Some Jiematin is absorbed 
by the epithelial cells of the gut but the greater portion is concentrated in 
the worm’s feces. The pH of the empty gut is about C.4 
The eggs of Fasciola bepatica (Fig. (H) are large nperculate objects, 
having a delicate light-brown color; they measure 130 to 150 n in length 
by fi.3 to 90 fi in breadth. The shells are derived from globules or granules 
contained In vitelline cells, from ortliodlh.\ droxyplienol and a protein. Egg 
synthesis occurs in the proximal (t. e., inner) segment of tlie uterus, in tlie 
absence of a true ootype The m.ain function of Mehlis' gland is uncertain 
but it possibly produces a lubricating fluid which stimulates activity of 



probably similar to the egg shells of Tubellarin and Cestoidea (Kourf and 
Naiiss, 19.38; Stephenson, 1947) DeAelopment of the embryo takes place 
after oviposition. The eggs, which are laid in the biliary tracts, pass into 
the intestine and are evacualcxl with the feces. 

Tlie development of fasciola kepatica, as first demonstrated by Lcuckart 
and by Tlioinas, consists in the maturing of the egg (Fig. 05), which 
requires nine to fifteen days or more at an optimum temperature of 22° to 
25° C. ; hatching of the iniracidium in a favorable aquatic enA ironinent, anti 
Its active penetration, ivithin a period of eight hours, into the appropriate 
.‘.nail The descrilicd molIusCTin hosts iiichide: l.ymmea enbnisis (Tnited 
•States, Cuba, I’iiert<» Ilieo), L. ferrugineti, L. modicrUa, L. traski, L. 
buUviinoulcs var. lechelln ami Psemlosuceinea crjfmiiclla (l iiited States); 
L. atlcnuafa (Mexico) ; L. bogolensis (Colombia), L. viator (Brazil, UriigiiaA , 
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Argentina); L. truncaiuk (Faroe Ids., Switzerland, Holland, Jugoslavia, 
r. S. S. 11., North China, South Africa); L. paluslrh (Germany); L. 
pabisfris var. siaik and v.*ir, nilnerata (Italy, Sardinia); L. nafalensis 
(South Africa, Somaliland); L. brazieri (Australia); 1. philippiuensis 
(Phillipines); L. oUtik (Central China, Japan); L. (liadix) aimadaia 
(North China); L. pUctituk and L. jyenia (Shanghai, China); L. sirinltori 
subsp. (Formosa) ; h. cmUkudi (wells of Eg>*ptian oases, in association with 
Biilutv.t truncatiifi), and liulinus tropicus (f) (South Africa). ^Yithin these 
and probably other species of Lymnsca sensu Into (including subgcnera 
Lyuuuxa, (kllm, Ikdir, Pscudosuccinea, Succiiica, Fossork, Pralicnklla, 
etc.) metamorphosis into a first generation sporocyst takes place in the 
lymph channels of tlint inollnse, and, with the migration of the sporocysts 



I'lo. ai — ncK of Faiciota hrpaiica 
rhotomictograph of cw pas'Od in fessjs 
of tthcep X SSO (Oneinnt ) 



1*10. C5.— Cr? of Fateiola Ae;«a‘w, con* 
lainmc fully matured miracidium X 450 
(After TJiomaa. Quarferfy Journal ol 
Microscopical Science, courtesy of Cbrcn- 
tlon Press, Cambridpe, Ensland ) 


into the peri-mtchtiiial lymph spaces, the development of redia; within 
the sporocyst. Sinitsin (1933) has described second generation sporoc\.sts 
antecedent to the development of redife, as nelJ as rediie which crawl out o 
their host. Tlic rediie, in turn, either produce other redite or ccrcarite 
(Fig. 07 A), wliich, on maturing, erupt from the snail tissues in thirty days 
or more (but only in case water is present, and usually at night), and sn nn 
about in the water, at times for ns long as eight hours.^ Sooner or later le 
cercariaj encyst in the form of little white spherules (I'ig. 07 P) on utnom 
meadow and* swamp grasses and water plants, such as y 
officinale), or on hark, or free at the bottom of bodies of relatncY s w o 
water. In a moist atmosphere the cj’st is quite resistant to usual en\ iron 
mental conditions, but siicaimbs quickly when dried. Mamma * 
graze upon, or otherwise consume, sudi herbage, particiilarl> 
condition, or 
The larvie (n 

out into the auuoiimuii caviu, ...i.r.r/' 

substance of the li\‘er. Eventually they reacli the biliary passag , 
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they settle down and grow to maturity (Sinitsin, 1915; Suzuki, 1931). 
Concentrated bile is known to be lethal to the young metacercarh'e. It is 
also possible for the migrating metacercariaj to enter the mesenteric veins 
or lymphatics, through whidi they are carried either into the Uver, through 
the liver, or directly into the chambers of tlie right side of the heart, thence 
to the lungs and into the general circulation. In the latter instance they 
may be filtered out in abnormal sites (Bugge, 1928). 

The incubation period in the definitive host requires three to four 
months. 

Epidemiology.— The metacercariie enc\st on vegetation growing in 
swampy meadows or at times the c\st maj* be deposited in the water near 
the breeding places of the snails. Circumstantialh- man is believed to 
contract the infection by eating raw vegetation on which the metacercari^ 



Fia 00 — Lymtuea trunealula, first mtcnncdiate host of Fatetda hepaliea m fho Paixurctip 
regions X6 (Original adaptation from Germsin and Nc\su-Lomaire.) 

have encysted. Critical studies on the epidemiology of luiman e.'qjosure 
to infection have not been consistently carried out, due, no doubt, to the 

the cases until 
itances human 
officinale) on 

which the metacercaria; have cncystetl. In Central France the infection in 
man has assumed epidemic proportions in recent years (Martin et al , 
1944) Up to 1938 Kourf et al. recorded 25 cases from Cuba and Xeghine 
and Ossandon (1943) mention six previously diagnosed infections in addi- 
tion to their own from Chile- 

Pathogenesis, Pathology and Symptomatology. — fiepatica, the 
liver fluke of the sheep and other herbivorous mammals, causes “liver rot.” 
Cases of sheep liver-fluke infection in man are relatively uncommon, 
although several hundred gemiine cases are on record En transit through 
the Ii\cr parenchyma they produce extensive mechanical and toxic Irrita- 
tion. which, ill heavy infections, may result in considerable destruction of 
\ ital tissues and cause the death of the host. Their presence in the biliarj 
passages causes cistic enlargement of the duets, adenomata of the I)iliar\ 
epithelium, invasion of leukocytes, including many eosinophils, and the 
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eventual development of sear-tissue around tlie ducts. In heavv infections 
the epithelium is eroded and tlje youn^ worms may wander back into the 
liver cells, where nbsees.s pockets are formed. From these pockets the epgs 
may be e.Kfrudcd into the tissues and set tip muftip/c centers of inflamma- 
tion. Thus, there is n rapid dcstniction of tlie liver parcncliyma produced 
by tile migrating young worms, ujKin which is superimposed the toxic 
lininage, caused by the mature worms in the biliary pas.sages, resulting in 
pressure atrophy of the portal ve&scJs. 

Ilrumpt (lO'lO) recognizc.s four tyjies of patliological processes prwiuccd 
by tlie presence of tiie.se wonns in the biliary passages: (1) De.structive, 
consisting in the ingestion of blood wirpii-sclesj (2) mcclianical, causing 
obstruction of the biliary passages; (3) irrita- 
tive, rc.sulting in the liypcrtropliy of the bili- 
arv' epithelium, enlarpeincnt of the passages, 
and the deposition of .sclcrifiwl connective 
tissue in ooncentrie rings around the biliary 
duets, with iiicIu.sions of eggs and detritus; 
and (•!) toxic and bacteriferous action, due 
to general absorjition into the system of to-xic 
by-prorincts and the invasion of bacteria into 
nfwraterl arca.s. The ingestion of b/ood cefls h 
practkidly negligible. Obstruction of the biliary 
tract.s in cystic dilatations and, in the 

case of heavy infection, prorlnc'cs profound 




1 Ki 07 - J. Coinin.'iof rnseuila hri>altca, //. «'iir>Need metnccrcari.i of F. htj’^lica from 
in ctlomicnica X 100 (Original ) 

icterus’. Irritative action gives rise first to bepatoinegaly and 
pressure atropliy of the hepatic ccll.s and the portal vessels, resulting in p* 
tial or complete cirrlio.sis of the oigan, with accompanymg asevtes. 

Symptoms and sigos refiirdcrl for human cases include, tender, 
liver; hepatic colie, 
tympanic abdoinin 

eosinophilia up to 70 per cent; irregular fever; 

rhea, and, rarely, bcmogJobmnria. Martin et oh, (IflW)descn , 

case in the following terms: Persistent licadache, 

chondrium, bilious vomiting; irregular fever, sweating and ug ^ 

Tlie general tdxeiniii produced by the flukes, espcmlly m ' ' ,^(, 1 ^ 

tions, results in caclie.xia aquosa and anemia and js sai o > 
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to “bothriocephalus anemia.” Flurj* and Leeb (1926) demonstrated in 
experimental dogs that the excreted by-products of these worms are 
specifically toxic; that the uorms possess proteolytic, glycolytic and fat- 
splitting enzymes; that they can isolate or synthesize egg albumin, and 
that the degenerating products of dead worms are particularly toxic. In 
human cases a generalized eosinophilia as high as 54 to 62 per cent may be 
produced, and the total leukocytes may be temporarily increased to 18,000. 

Epidemics of fascioliasis hcpatiea have been reported from Cuba in 1944 
and 1947 (Arenas, Espinosa, Padron and Andreu, 1948). These resulted 
from eating water cress salad. The primary syndrome, encountered with 
great regularity in .52 patients, was referable to hepatobiliary disturbances, 
consisting of acute generalized abdominal or epigastric pain, associated 
with fever between 39° and 41° C., chills and sweating. After persisting 
for several days there A\as a gradual or sudden remission of these acute 
symptoms, succeeded by a sensation of discomfort and fullness in the 
eiiigastnum and right hypochondrium, with an associated hepatomegaly. 
Frequently there was marked sy'stcralc intoxication, as evidenced by 
asthenia, myositis and arthritis, anorexia, urticaria, pruritus and bronchial 
asthma. Tlie blood picture was unique only in manifesting an average 
eosinophilia of 35 per cent, although it varied in different patients from 
1 to 81 per cent 

Ectopic Foci of Infection With Fasciola Hepatica.— In certain instances 
specimens of Fasciola heixitica have been recovered from abnormal situa- 
tions in the body , such as the bloodvessels, lungs, subcutaneous abscesses, 
ventricles of the brain and from foci in and around the eye. Diss (1937) 
c-ollected eight such records from the world literature, while Neghme and 
Ossandon (1943) added one of their own in which immature F. he'patica 
occurred in u subcutaneous cyst concurrently with mature worms in the 
proximal biliary passages in association with a syndrome of cholelithiasis. 
The inetaccrcaria: are e\en believed to pass from the mother to the fetus. 
Such findings have led certain helminthologists, among them llraun (1925) 
and Bugge (1928), to predicate that the worms enter the portal system 
and from there are distributed throughout tlie body. This seems to be 
the most rea-^onable explanation for the finding of the flukes in these ab- 
normal foci. 

In parts of Lebanon and SyTia a unique infection of man with Fasciola 
fiepaticn is said to be quite common. It is locally referred to as "hahoun'' 

(i e., suffocation), and consists in the temporary attachment to the pharyn- 
geal mucosa of adult worms, wliich have been ingested along with raw 
livers of goats and sheep, used for sacrificial purposes and later eaten. This 
localized infection produces an edcm.atous congestion of the soft palate, 
jiliarynx, Lirynx, na'Jal fossa; ami Eiistadiiau tubes, accompanied by 
dyspnea, ’ ’ ' ^ 

^Vitenbe 
c.ises of 

Moreovc ' ’ 

upper respiratory congestion in the Near and Middle East. (Vide Chapter 

XXXI) 

Fahcdistomunit licjuitiai (i. r., due to ingestion of cooked li\erof infected 
12 
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animals containing the atliilt worms and eggs of F. hepatica in the biliarv 
passages) may be mistaken for actual infection. In order to discover if it i*s 
real rather than spurious, the patient should be placed under obsen-ation 
for three or more days, during which time liver should be eliminated from 
his diet. If eggs of F. hepatica continues to be passed in his feces, a genuine 
infection probably exists. 

Diagnosis.— This is made from the recovery of eggs of Fasciola hepaiica 
(Fig. G3) from the stools, or from bile B and C, obtained through a duodenal 
sound. Martin et nf., (1944) emphasize the importance of early diagnosis. 
This can be accomplished fifteen days earlier by biliary drainage than by 
stool examination. Since emetine treatment is more effective against 
young worms than older ones, the cogencj’ of early diagnosis is readily 
appreciated. Mazzotti and Osorio (1941) warn against false diagnosis w hen 
eggs of F. hepatica may be present in raw bile administered perorally and 
later appear in the feces. 

In regions where Fasciolopsis 5s endemic, care must be taken not to con- 
fuse the two infections, since the eggs closely resemble each other. 

Fasciola hepaiica has been demonstrated to stimulate antibody formation 
in the host, as indicated by precipitin and complement-feation reactions 
carried out by several workers. Mazzotti (1942) has reported that F. 
hepaiica antigen, prepared by a modified Bachman technic, gi^'es a specific 
intradermal reaction and is negative for Onchocerca tolvuliis and Tienia 
saffinata. Lavier and Stephanopoulo (1944) have also obtained satisfactory 
diagnosis by immunological and serological methods. 

Therapeusls.— Extensive work on the treatment of fascioliasis hepatica 
in sheep by RailUet, Moussu and Henry, by Marek, and by various British 
investigators, including Montgomerie, proves the relatively high efficiency 
of extract of male fern (/HU-mas), administered in the amount of 0.1 cc. per 
kilo of body weight and repeated after twenty-four hours. The drug is 
given either in capsule or in milk. It is lethal to tjjc adult flukes, but will 
not destroy immature worms present in the smaller bile ducts. 

Lie^Te (1934) has advocated the use of Magdala rose, using 1 per cent 
solution, for the eradication of this worm. Mdnnig (1934) has found carbon 
tetrachloride to be highly lethal to the mature worms, although it is 
recognized as being very toxic. Tctrachforethyfene is not an effective 
therapeutic. Kourl (1932 et scfj.) has used emetine hydrochloride with verj 
satisfactory results in treating clinical cases in Cuba. He administer the 
drug intramuscularly, 3 cgms. daily for seventeen to eighteen da.'S. 
Rodriguez-Molina and Hoffman (1938) have reported clinical cure and 
complete disappearance of the eggs of this worm in a patient treated 
^ f'* ♦v,;^ finilv for pie-bteen da>’s. _ . ,, -i 

pe ‘ • 

definitely curative, as demonstratecl not only oy s\mpioiJid4M 

also by the permanent disappearance of eggs in tlie bile and feces. w 

workers indicate that carbon tetrachloride is effective but dangerous. 

In Algeria Fries (194G) has successfully employed 
combinecl with emetine hydrochloride in treating a famil> ♦hor- 

F. hepatica. For the ectopic flukes in various foci in tiie 
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apeutic procedure other than surgical removal has been developed; for 
pharyngeal fascioHasis emetics are at times valuable adjuvants. 

Prognosis.— Grave in heavj' infections. Where only a few worms are 
present, the amount of liver tissue affected is relatively small, with corres- 
ponding absence of marked s.\'mptoms This infection lowers resistance to 
secondary bacterial invaders. 

Control.— Although the distribution of Fasciola hepatica infection m 
sheep is quite cosmopolitan, human infection is relatively uncommon. 
Man may also become temporarily parasitized by these flukes from con- 
consumption of raw infected livers of sheep or goats, which attach them- 
selves to the pharyngeal mucosa and set up severe local inflammation On 
rare occasions the young worms, exeysted 
in the duodenum, maj’ possibly penetrate 
through the intestinal wall into the blood- 
vessels or lymph passages and may be 
carried to such distant foci as the tissues 
of the eye (DisiomutH octiH humani, i/oiio- 
sio7mim Icntia, DisUmum ophthalmobium), 
or the brain. Care to eat no raw vege- 
tables or drink no unboiled nater in en- 
demic foci is adequate precaution against 
acquiring the hepatic type of the infec- 
tion Thorough cooking of infected livers 
of sheep and goats will prevent pharyn- 
geal fascioliasis. 

Eventual extinction of the dangers of 
infection by this worm may be brought 
about by its eradication in sheep, cattle 
and other herbivorous mammals. Such 
measures as adequate treatment of infect- 
ed animals, the use of copper sulfate 
solution (1 to 50,000) or 20 pounds to 
the acre of swampy pasture Land to des- 
troy the snails, and drainage of infected 
pastures, will help to bring about this 
desired end. Likewise, treatment of 
sheep with hexachloroethane-kainala e.\- 
traet will reduce the basic incidence of the 
disease in reservoir hosts. 

Fasciola gigantica Cobliold, IS-IB. (The giant liver fluke.) 



Fro fiS — Anterior enti of f’asciofa 
irigantiea, &howinK important organs 
X 6]. (Original ) 


Synonyms.— Dislomum giganleum Piesing, 1858, Cladocceh'um giganteum (Cobb., 
185G) Sto'^ich, 1892, Fasaola hepatica var. ony«j(« Railhet, 1892, Fasciola hepatica 
var xgyptiaca Looss, 189G 

This fluke (Fig 68), which is lji>ically a parasite of the camel (jiersonal communi- 
cation, Dr Emmett W Price), has been described as a common parasite of cattle 
and water buflaloes, and to a lesser extent of other herbivores, lives in the bili.sry 
tracts of its host The fluke has been found frequently in such hosts in Africa and 
thcFarEast Either thisspeciesortliecloscly relatetl F rgyplinca is the common 
liver fluke of cattle m Hawaii Siirteys of thesj islands show up to 87.5 [wr cent of 
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the cattle are parasitized by this worm. There is one genuine record of its occur- 
rence in man (De Govea, 1895), probably contracted in Senegarabia (Africa); 
a second (Codville, Grandclaude and Vanlande, 1928), probably contracted in 
Indo-China, and a third case (Pigoulewsky, 1927), in a seven-year-old child of 
Tashkend, identified only by eggs in the feces. 

The adult fluke is distinguished from F. hepatica by its greater length, more 
attenuate shape, shorter cephalic cone, larger ventral sucker, and by the more 
anterior position of the testes. The e^s are also larger, measuring 160 to 190 by 
70 to 90 M. 

In South Africa the described intermediate hosts are Lymnxa natalensis and 
Pkysopsls afiicana; in India, L. (Cerasma) acuminata; in Hawaii, L. {Fo$sana) 
ollula, and in the Philippines, L. (Fossario) philippinensis. In so far as is known the 
life cycle of this species parallels that of Fasciola hepatica. 

This worm produces lesions in the liver of its host similar to those of F. hepatica 
infection The patient from Indo-China had a cholecystitis. Diagnosis is based on 
the recovery of the large operculate eggs from the stool or from biliary drainage. 
Therapeutic procedure, as tested by Kraneveld on infected cattle and water buffa- 
loes, is similar to that for F. hepatica. Prophylactic measures are also identical 

Genu.s Fascioloides Ward, 1917 

(genus from Fasciola, and <f6os, kind) 


Fascioloides magna (Bassi, 1875) Ward, 1917. (The giant liver fluke.) 


This fluke occurs as a parasite in the liver parenchyma and lungs of cattle, deer 
and other wild herbivorous animals, less frequently of sheep, in North America, but 
it has not been reported from man. 

The life cycle has been worked out by Sinitsin (1930) and by Krull (1933) for the 
United States and by Swales (1935) in Canada. In the United States L. (Galba) 
bhlimoides techella, L. {Fossaria) modtcella, L. (F.) modicella ruslica and L. {Pseudo- 
succinca) columella have been incnminat^. and in Canada L. (F.) parva and L 
(Succinea) paluslns nuttaliana. The eggs of this fluke are the same size and shape 
as those of Fasciola hepatica. Damage to the liver parenchyma of the infected 
mammal, particuharly sheep, is severe and frequently fatal. 


Genus F.^iolovsis Looss, I8S9 
(genus from Fasciola, and inj/is, resemblance) 


Fasciolopsis buski (Lankester, 1857) Odiiner, 1902. (The large intestinal 
fluke, causing fasciolopsiasis.) _ . . ^ . 

Synonyms.— Distomum crassitm Busk, 1859. Distomum rathoum roirier, 
1887; Fasciolopsis rathouisi (Pohier, 1887) Ward, 1903. Fasciolopsif 
/id/etornf Rodemvaldt, 1909; Fasciohimsgoddardi^Xavd, 1910; Fascwlop.fvt 


spinifera Brown, 19h . • a ;• 

Historical Data and Geographical Distnbution.-/oJ«ofopsw was 

discovered by Busk m the duodenum of a Lascar sailor who died m London 
in 1843. The worm was named by Lankaster in 1857 and more } 
described b^ Cobbold in 1859. It is the large intestinal fluke w man and 
the pig in (Tentral and South China, Formosa. Tonkm, Annam, 

Borneo, Sumatra, Assam, and Bengal, and probably other par s o 
Oriental regions. Stoll (1947) has estimated the human “ 

fasciolopsiasis to be ten million, nil in eastern Asm. Dogs in ‘ 

occasionally infected, although they appear to be partia ' res 
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infection. Other domestic animals, with the possible exception of rabbits, 
are apparently refractory to infection. According to Ejsmont (1932), the 
related species, Parafasciohpsis fasciolsemorpka, occurs in the bile ducts of 
the elk, Alces nlces, in Poland. 

Structure and Life Cycle.— The body of Fasciolop^in bviU is large; it may 
be broadly ovate but is more natnralb elongated o\aI (Fig. (iO). Fresh 
specimens have a pinkish, creamy color, and are usually somewhat thicker 
than fasciolid species, averaging about 


2 mm. in thickness. They vary in length 
from 2 to 7.5 cms., and in width from 
8 to 20 mm. They have a spinose in- 
tegument, but the spines are easily di- 
gested off. There is no cephalic cone. 
The acetabulum, which is directed ante- 
riad, measures up to 2 or ev'en 3 mm. in 
diameter. The genital pore is immwli- 
ately preacetabular. The oral sucker, at 
the anterior end, has an average meas- 
urement of 0.5 mm. 

The intestinal tract consists of a 
very short prepharynx, a bulbous phaj- 
ynx, and an exceedingly short esophagus 
which bifurcates in front of the acetal- 
ulum to form a pair of unbranched ceca. 
extending along the medial margin of 
the vitellaria to the subcaudal end of 
the worm. 

The excretory system of the mature 
worm is complex and has not been s.it- 
isfactorily studied. 

The highly branched testes (Fig. 69) 
lie one in front of the other in the posterior 
half of the worm. From the main trunk 
of each gland a vaseflercns arises, passing 
forwards with its mate and entering the 
cirrus pouch at a point half-way between 
the ootype and acetabulum. According 
to Goddard, the elongate tubukir cir- 
rus pouch contains the following or- 
gans: two seminal vesicles, ejaculatory 
duct, cirral organ, and precirral canal, 



Fia 69 — .\dult specimen of 
Fatciolopni huaK%, \ ontral \ ie» . 
showinjf the anterior end of tlie 
diee^tivc system and the neni- 
tnl organs gp, genital pore; 
00 o6type, o», oral sucker; or, 
ovary. »v. Reminal \esicle, /. t. 


the latter terminating in the genital 
atrium. The seminal vesicles arc two 
more or less con\ oluted tubes, lying side 
by side within the first portion of the 


testes, vt, uterus, td. vas 
deferens, n/, vitellaria. ct, ven- 
tral sucker X 4 (Adapted 
by Faust from Roudabush. in 
Craig and Faust's Clinical 
raxasitology.) 


cirrus sac. One of these, the primaiy 

vesicle, e.xtcnds posteriad slightly farther than the other and receives the 


vasa cfTcrcntia. Its distal extremity opens into the secondary vesicle, 
which narrows to form the ejaculatory duct, which, in turn, continues into 
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tlie cirral organ, a muscular tubule lined with delicate spines, as is also the 
prccirral canal. Kobayashi (1930) has described a valve that separates 
the seminal vesicles from the ejaeulatorj- duct; prostate glands consistently 
opening into this duct, and a cirrus canal lined with spines, connecting the 
true cirrus sac svith the genital atrium. This latter is undoubtedly the true 
precirral canal. 

The ootj’pe lies approximately in the middle of the body. It is sur- 
rounded by the ovoid ^lehlis’ g’ ' * *'■ ’ ■ n 1 , 1 1 

and surrounded by connective ■ ‘ ■ ' ■ " 

the ootype, consists of three ir 
These open mesad, the lumen ‘ ^ 

passes through Mehlis’ gland and proceeds towards the posterior face of the 
obtype, giving off laaurer’s canal in its course, and uniting with the common 
vitelline duet before entering the ootype. There is no seminal receptacle. 



Fia. 70— Eggs of Faietolopai* frusU*. A. imoiature egg from feces; B. egg «ith mature 
miracidium, C, miraeldium escaping from egg sHell. X 200. (After Barlow, Am. Jour. 
Hygiene.) 


The vitelline follicles occupy the lateral fields of the worm, their main longi- 
tudinal ducts each having an anterior and a posterior oblique connection 
with the transverse vitelline duct of that side. The transverse due s 
proceed mesad and fuse to form the common duct on the posterior aspec 
of Mehlis’ gland. The distal end of the tubular ootj*pe gives rise to le 
proximal end of the uterus, which proceeds through a convoluted course, 
and is continued at the anterior margin of the acetabulum as the me ra- 
term, which opens into the genital atrium. . , 

The eggs are ellipsoidal, rounded at both poles, and are provided , 
clear, velJowish-brown, thin shell with a delicate operculum at one 
(Fig. 70 A). They measure from 130 to 140 m in length by 80 to m 
breadth. According to Karaisaka (1930), the eggs of r. jk 

distinguished fi-om those of Fasciola kepatica by the structure of . 

cells. In the former species the granules of these cells are 
and the eggs are highly refractive, with clearly visible nuclei- In le 
species the granules are accumulated around the nucki of the } o * c 
the egg centers appear dark green or dark brown. The 
tinuously into the intestinal lumen and are evacuated with e cc 
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The studies of GofIdanI, Barlow and others in t)je Jjoa^’iJy endemic areas 
of China and Formosa have conclusively shown that specimens of Fasciolop- 
sh from the human host all belong to the same species, while epidemiological 
and life history data consistently indicate that the porcine species is the 
same as that found in man. 

The life cycle of Fasciolopsis bmki was first worked out by Nakagawa 
(1921), utilizing pigs as the definitive host, and later by Barlow (1925) in 
much more detailed study on the human subject. The cycle closely 
parallels that of Fasciola hepaiica. Tlie egg of the worm is immature when 
voided in the feces of the definitK'e host (Fig. 70 ^1). Tlie miracidium 
develops to maturity (Fig. 70 li) only after the egg has remained for some 
time (three to seven weeks) in an aqueous medium at a favorable tempera- 
ture (80° to 90° F.) After ma- 
turity of the larva within the egg 
shell and ripening of the oper- 
cular ring, the larva escapes from 
its prison (Fig. 70 C) and actively 
swims about for a period of six 
to fiftj'-two hours, depending 


Fio 71 — MolIu<can interm»<UaJc hosts of 
Fawtofopm buiU. A, Hippeuti$ ichmncltn. Tio 72 —Sporocyat of Fa»no!ep*(» 

dorsaland ventral views, B, S#(77n«nf»n<i buskt, from exporimcntal infection of 

dorsal and %entral views. X 2 (Original snail Greatly enlarged (After 
photographs ) Barlow, Am Jour of Hygiene ) 




on the temperature of the water. In the event that there arc snails in the 
immetliate vicinity to which the miracidium is adapted, the larva attacks 
and penetrates any exposed soft part of the mollusc. Segmeyiiina ca-nosus, 
S mtiddln, S. calathus, S. henmphxrula and llippeutis sckmackeri are the 
demonstrated hosts for Central and South China; 5. canosus, S. hnni- 
sphsruh, Gyraidus conrcft ' ' ’ " ’ W Forinos.a; G. 

saigonensis for Tonkin (Im " Assam (India). 

The iiiolluscan hosts in ' I India (e.\cept 

Assam) are unknown. (Fig. 71 A, li.) On entering the snail and reaching 
the lymph spaces, the miracidium liccomes transformed into a sporocyst 
(Fig. 72), which is atypical, in that it possesses a functional rhahdocelc gut 
like a redia but lacks a pharynx. From three to four days later rediie 
become difTcrentiated within the sporocj-st and in nine to ten days emerge 
free into the lymph spaces. Tliese mother rtslia; (Fig. 73) produce only 
daughter redia? It is within these latter that cercaria? develop. Upon 




m 


maturing (several weeks after th * ^ 

iiliEPslii 

A-0.7mV''K^^^ Inn:, „,,h „ 



andi;;raTO) hav;^,!';*?''”?’ “'*'>"8'' Hu„g 'and D„h'a934j 

water bamboo rzT • the roots of the lotus plant and the 

water pSs tofe“rT''^ '" China. Other 

ry^i'sa also aoneor ♦ sp., Sainm'a na/ans and Zeffim pofy- 

major vector ,„ South China (Fukien and Kwangtung) and Formos,a, 
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and a minor vector in tlie Yangtze Valley and Grand Canal region of 
China. The complete life cycle is represented diagrammatically in Figure 

The incubation period in man occupies about three months, according to 
experimental human infection by Barlow. 



rir. 7*1.— j:nfy«*ed metacercariu <if h'a»tuiop»ia lutki. X .170 (After Darlou .\m Jour of 
Ilyiciene) 


I'K. 70 Fig 77. 



Fio 78. 

Fiqs 7C and 77 — Ttapa nalant, important infective agent of Faieiolopn* buiki for man in 
China Fig. 70, plant with attached nut. (After Barlow, Am Jour, of Hygiene) : Fig 77. nut 
obtained from market in endemic region Natural aiic (Original ) 

Flo. 78 — Elxochum tuberoid, the common infective agent of Fateiolopii fcuifct for man 
Natural »ire (Original ) 

Epidemiology.— Human infection results most usually from the ingestion 
of raw potls, roots, stems or bulbs of water plants cultivated in endemic 
foci where the suitable snails breed. The water caltrop, TrajKi nafans and 
T. bicornii, and the “water cliestnut,” Eliockaris tuherata, are the vegetable 
products most commonly involved. The encystcti metacercaria? are 
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attached to the pods of the caUrop and to the “skin” of the ‘Svater chest- 
nut.” These protective coverings are usually peeled off with the teeth and 
lips of the consumer. In so doing, the individual sets free some of the 
cysts, which are then unwittingly swallowed, e.xcyst in the duodenum and 
develop into adult worms in this re;non of the bowel. Frequently fascio- 
iopsiasis is fainilijvl or institutional in its incidence, or it may involve a high 
percentage of individuals in a village- Children in particular are subject 
to infection. ' 



deflnUii'e generaOoci (, 
worm). lOnginal) 


in endemic areas t!ie beds where “water chestnuts" and caltrops are 
grown are either fertilized with I’nfecteri human night-soil or are con 
nated by promiscuous defecation. Since the suitable snails fee 
plant vectors and man later consumes the infected bulbs, the require 
are met for completing the vicious cycle. , . 

Pathogenesis, Pathology and Symptomatology.— » • . 

lives attached to the mucosa of the small intestine, 
denum, but it may be found attached to the stomach wall, am 
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the large bo^el. It produces a localized foais of inflammatiori at the point 
of attachment. Large numbers of the parasites cause acute intestinal 
stasis. The lesions occasioned by the presence of the fluke may involve 
the capillaries of the intestinal wall, producing hemorrhage, or they may 
provoke abscesses, with infiltration of small round cells an(l eosinophils. 
In heavy infections generalized cosinophilia is common. 

The first clinical signs and symptoms develop about three months after 
exposure to infection. 

In light infections mild symptoms, such as hypogastric pain, may 
develop. Large r ’ ‘ ‘ * . • • 

ing gastric ulcer, 

Mangalasmaya (! 

is usually a diarrhea during the early stage of the infection, which may, 



Fio. SO— Clinical caae of fasciolopsiasia buskt Face of patient, slioning severe edema ni 
cheoVa and orbital area (From pbotograph by Dr C H.Barbiw) 





I'lo 81 — Body of eame cbild sboume edema of abdominal wall and lower eTtromilie-* (Prom 
pliolograph by Dr C II Barlow ) 

however, be interrupted b\ ^iotls of constipiition This condition may 


extremities (Figs 80 and 51), and at times n nuKlerate ascites According 
to Barlow, the chest is not imolvetl save m r.ire fatal cases. Ascites is 
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common in most instances and in infected children the abdomen is fre- 
quently protuberant. On paracentesis many liters of fluid may be with- 
drawn. During this period generalized abdominal pain is usually noted. 
The appetite is fairly good, but anorexia, nausea and vomiting may occur 
and are fairly common accompaniments of heavj' infections. 

^oung (1935) has studied the blood picture in Fasciolopsis infection in 
man, and has found a relatively high leukocytosis in 45.2 per cent of his 
cases, due primarily to an absolute eosinophilia, which may amount to 
33.9 per cent of the total white count. There is usually a neutrophilic 
leukopenia and, at times, a lymphocytosis. There is no striking alteration 
of the erythrocyte picture. 

In the terminal stage of the infection the skin becomes harsh and dry, 
diarrhea is continuous and prostration is extreme. Death results from 
toxemia following anasarca. Human infection is known from Central and 
South China, French Indo-China, the Malay States, Java, Burma, Assam, 
Bengal, and possibly other regions of the Orient. Areas of heavy infection 
exist in Chekiang and Ivwangtung Provinces, China. 

Diagnosis.— This is based on the 6nding of Fasciolopsis busici eggs 
(Fig. 70 *4) in tlie stool. These must be differentiated from the eggs of 
Fasciola hepatica (Fig. 64), which they closely resemble, from those of F. 
giganiica, which are considerably larger, and from eggs of Echinostoma 
ilocanum (Fig. 83 A) and those of other species of echinostomes. The 
number of worms in a given infection may be estimated by the Stoll technic 
(see p. 596), since each mature worm laj's about 25,000 eggs per day. 

Ther&ji^VLsis.— Beta-napkikol (2 administrations of 0.2 Gm. each), which 
is contraindicated in malaria and in pregnancy, and carbon tetrachloride 
(chemically pure, 3 cc. for an adult, 3 minims for each year of age in 
children, administered in a single treatment) are specific for the infection. 
The latter drug is pleasanter to take and is more effective than the former, 
but must be used with the greatest care, particularly in heavy infections in 
children. Its use is contraindicated in acute nephritis, marked hepatic 
dysfunction, pulmonary involvement, pyrexia and in lowered blood serum 
calcium. The last-named difficulty can be surmounted by feeding calcium 
lactate (0.5 Gm. or grains) daily for three or four days before speci c 
therapy is instituted. Pre-treatment and post-treatment purp ion 
with sodium sulfate (Glauber salts) or magnesium sulphate (£/psom 
salts) is advised. McCoy and Chu (1937), using cnjsioids anthelmintic 
(caprokol) in amounts of 0.4 gram for children one to seven years o age 
1 fnr nhJMrpn thirtcpn vcErs and older, produced cures in 


tetrachloride, and is administered in a similar mamiei, >**** 

equally efficient in evacuating this worm. . . . 

Prognosis.— Except in cases of extreme anasarca, prognosis > 

provided the patient is afforded specific treatment. nroceeds 

resolve themselves after evacuation of the ivorms and the p< P 
to an uneventful recovery. , ...xnk-inf' 

Control.-Human infections may be prevented ^ ;,nrners^ 
water caltrops and “water chestnuts” in endemic area , 
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ing suspected vegetation in boilmg water for &e\'eral seconds Tlie more 
fundamental problem consists in the sterili 2 atton of night-soil in endemic 
areas. 

SUPKRF\>IILV EcH1XO&TOM\TOIDE.V 1929 

This superfainily consists of species winch are all placed at present in the 

Type Family ECIfiyOl^TOMATID.E Imoss, 10(i2, emend Poche, 
1920 

This family, probably not cntirel> a nattinil group, comprises an 
assemblage of many species, of which life history data are known for onh 
a few The cercariie of some forms enejst within their redife, some encyst 
in the same species or other species of mollusc; others enc\ st m water after 
the escape of the cercariie from the inollnscan host; others encyst on vegeta- 
tion, and still others ency.st in the flesh of fishes and frogs The great 
majority of cchinostomes are parasitic in the intestines of lower vertebrates 
and birds; a few are parasites of the mammalian intestinal tract. Human 
forms include species of the genera Eehinoiloma, IJmasihln, ParyphostO’ 
mum and Echinochasmus 

Gk\u>. Eciiinomo.m\ IUuou*ifi. 1809. Eiiem) Dietz, 1910 
(genus from txirot. spine, otomq . mouth) 

Echinostoma ilocanum {G<irri.M>ii, 1‘KlSl Odhner, IDll. (Garrison’s 
fluke ) 

Synonyms. -Famoletta tiacanum Garri«on, lyOS. Fuparyj)hium ilocanum (Gam- 
mon, 1908) Tubangui and Pa«ico, 1933 

Historical and Geoyraptueal Data — £rAiN(>$toma liocanum was discoiercd and 
described by Garrison, who found the eggs m tlicstoobof native prisoners in Manila 
in 1907. and later, after adminietration of Jihx-mus, obtainwl twonty-ono .specimen^ 
of the fluke Tubangin (1931) found Rallus nontgictis was a natural re«ervoir of 
this fluke m the Pliilippines Human infection »« primarilj’ confined to the Ilocano 
population of Luzon Province, where Tidwngui and Pa«co (19.13) hale elucidated 
the complete life cycle E'^l’cnmentally the white rat, the cat, and monkeys are 
suitable definitive hosts Chen (19.34) statcsi that this worm was found by him m 
13 5 per cent of dogs examined in Canton Bonne, Bras and Lie Kian Joe (1947) 
have reported this fluke from Java 

Structure and Life Cycle —The worm (Fig. 82) is a rcl-itivcly .small, 
elongated oval object, reddisb-gra\ when alive, measuring 2 .5 to 0 5 mm. 
in length by 1 to I..7 j rnin. in breadth .ind O.o to O.C mm in thickness, the 
various measurements largely <lepending on the contraction or relaxation 
of the worm At the anterior end there is a circumoral disk, w ith a breadth 
of 0 22 to 0.3-i mm , separated from the liody proper b\ a slight constriction 
Tile disk is surmounttxl w ith a crown of 49 to ol spines, consisting of o to 0 
}>piiie3 at c.ich inner veiitr.il angle, Literal to winch there are 2 singly dis- 
posed spines, then 1 1 nr 12 closciv set ones, those of e.tch side being united 
across the dorsum (ly .in irregularly alternating row of 1.3 to f.i .sfiiiies. 
Posteriorly the worm is atteniiatixl llie iiitcginncnt is closely cxivmxl 
"ith plaque-Iike scales as far caiidnd as the posterior testis. 

The relatn el.\ small oral sucker (0 lOtoO.Ki imn in diameter) is sitiiaterl 



IIK) I\T1:STISAL, UlUAHV AM) PULMOSMiy rA7/,U.t7'0;>/-S' 

in tlu* (fntor (jf the oral <lisk. 'Hie ncTtnhuliiin (O.-l to O. IH mm. in diam- 
etcT) lies in tlielirst jiart of thecnlar^tcd laxly j)or;ion. 'lljepliary/j.t. ahich 
IS found almost nninwliately within the oral sucker, measures 1(K) ^ in 
IcuKtli l)y 110 iir transverse diameter. It Icails into a short esopliapus. 
wlucli oifurcafes in front of the neetniniluin, the eeea priK-eedinp postered 
to the sulieaudal repiou of tlie hixly, where they end lilindlv. The excrctorv 
system Ims not hern studied in tlie adult worm. 

Tlie testi's, whieli lie one hehind the other In the middle of the hody, are 
deejdy lohisl. Va^a efferentla run forwards from the anterior )«>rder of each 
testis to tlie mi<hrep|on of the acrtahiihim. wliere they unite into a single 
deferent duet which enters the cirrus janieh. Posteri- 
orly the ]xtiieh (smtnitis the vtsieula scminalis. which 
gives rise anteriorly to the long, tsiilwl, cirnd organ, 
t)ie latt<T fr(X|iientIy protnidifjf: tlirraigli tlir genital 
atrium aud out of the genital jxjre. The prostate is lack- 
ing. 'Hie ovary is situates! in the mid-line slightly in 
front of the anterior twtls. It is transversely roin- 
presses! to glohular. Midway Ivtueen it and the testis 
is (he ea'jtype, with the enveloping .Mehlis' gland, 'riie 
vitcllaria areomi|x>Msl of (’oar*c. granular masses, u fiicli 
are extnMs*<';d jii |M>sitii>n in tlie maldle third of tlie 
IkmIv hut eiUT<i:ich on tlie ei'en in the |K>sterior third. 
Praetlesdly all of the inter-es'csd space* hetween the an- 
terior te*stis and tlie aevtahiilum is iKrupiot) with the 
tightly paekeel coils of the uterus. Tlie 0 |>cpciilatc 
<iv<itd eggs (Kig. S-'l, ./) measure* fr#>m to lld^ in 
length hy oS to <‘0 p in hreadth. 'lliey are iminatiiro 
when ji.issesl in thefexvs, hut are full.v developetl within 
six to fiftexm elays after eulturing (i'lg. W, 

'Phe worms n>ually live attuelasl hy their spine* 
erowmsf oral eml (o the wall of the anterirtr jKirtion of 
the small inte*stitie of their host. l)e\eIopment oat.side 
of the mammalian laxly rexpures two molliisr.m hosts, 
rio Si AiKiU 'Phe hatchexl ininHudinm actively penetnites the first 
interimxHate host threaigli the mantle folds and gill, 
trtii MOW X ill then migrate's to the digestiNC gland as it mefnmor- 

(Aftcr o.Uitirr. ni into u mother nxiia. The rixlia p^o<lulr^ 

crl’Vm'i i (laughter rtsfiw, and they, in turr*. pixaluee eertaria*. 

'J’he complete cycle within this molluse rtHpiires forty- 
two to fifty days. In the riiiJippiiit'S the following snails have hcon 
incriminated: f/i/rou/a.x ponrexiusculus (Lufon and Irf'.vtc). Ilipi^y^ 
umhiliruli.t and Liimuaa ,twitih(Fi var. ^uadra»i (Ix'Vte); in India. oyrn^M 
prashadi, and in’the vicinity of Batavia, /uvn. O. rorirrxiMu.f, ifte 
cercaria which e.seapes from the snail is typically ‘echmate ( *?• 

S3, C). It measures O.IS to «30 ram. in length by ».!() to 0.13 inm^ m 
maximum width, aud has a tail measuring 0.13 to 0.3.") mm. long )\ o 
50 ^ in diameter. Tlie flame-cell pattern of the cercana is npparen . 

2(3 + 3 -I- 3 -f 3 + 3). 
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The cercaria of E. ifocanum may encj'st in practically any fresh^^-ater 
snail, such as liulimis hnngerfotdianus (Lejic, 1*. I.) and Lymnxa rubi- 
ginosa var, brevis (Batavia, Java), but the ampullarids, Pila conica (Philip- 
pines, Java) and I'mpanw jatnntcus (Java) are the most common second 
intermediate hosts. (See Fig. 83, D.) In edemic foci the Ilocanos and 
natives of I^j'te and Jlindanao eat P. eonica without cooking They are 
prized as food because of their large size, their consumption in the raw 
state provides opportunity for infection. 



(Cr ! 

CUnicalData.—Tlie presence of these tvonns m the digestive tract appears 
to produce no marked intestimnl disturlwnce. Filix-mas is a specific 
therapeutic. 

Echinostoma Undoense Sandgromid .md Bonne, 1010. 

Synonym.— /'cAinotfowu/ j7o«i«uw of Brup and Tesch, 1937. 

Morpholopically this echim^tomc closely resembles E. rcwhduin, csi>e- 
cia!l.\ in the possession of 37 collar spines. In the Lake IJndoe district of 
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Central Celebes the natives are heavily infected witJj this worm; as many as 
249 specimens have been passed following a single administration of 
tetraclilorethylene. Tlio incidence in some villages ranges from 24 to 
90 per cent. The first intermediate host is a small planorbid, Anism 
mrasinonnn or Gi/rauht9conrcTittseuIus,at\d the encysted metncercariffi are 
found in pidmonate snails, Vitipantsjataniais vnr. ntdipellh ct al, as well 
as in the bivalves Corhicith tindoEnsis and C. suhplanaia. Consumption of 
tlic raw molluscs provides the method for man’s acquiring the infection. 
Rats and mice arc experimentally goocl definitive Jiosts but birds have been 
found to be refractory to infection. 



I'lo 84 — .\tlult flpccimcn of Eehinotloma 
WKi/oj/ani/m, 'cnfral MOW X 8. o. %'ontrat 
sucker, c. cecum, o. oral sucker: ot, ovarj*. 
ph, pharyni. <. testes. «, uterus; t, \itel' 
iana (After 0*llmcr. in Zooloeisclier 
\iircicer lOUlj 



Flo 85 — ^Aiitcrior portion of Ethino- 
tloma malai/anum^ ^cntraI view, shovine 
circumoral crown of spines X 30. (After 
Leipcr, Trails Roj al Soc of Med and 
Ilygieno ) 



Flo. SO.— .\dult specimen of Echinotlo^'^ 
meiu, ventral view X a. \en ra 

sucker; e. cecum; OP. ftenital pore, o. oral 
sucker; w, ovary; ph. pharynx. K, scmmat 
receptacle. 1. testes, u. uterus, r. '"‘eUam 
(After N Uon and I Ciuiea. in Comptes 
Rendus de la Sonftf dc BioIoric ) 


Echinostoma malayanum Leiper, 1911- (The Jlalay fluke.) 

Synonym.- Eupon/pAiwm ma/oyanuw Leiper, 1911. Intestine of l-^o 

Echinostoma malayanum (Fig. 84), which ^ as obtamed from h _ £ 

Tamil coolies at Singapore and at Kuala Lumpur (I' • M- o.;, - ^ 

,loc«nt,m It lias aI.o been reported from man m Java (lionne, Bra. and 
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Joe, 1947). It differs specifically in beiDg larger (12 mm long, 3 mm. broad and 1.3 
mm thick), in having more bluntly rounded ends, in having only 43 circumoral 
spines (Fig 85), and in having a cirrus pouch tihich extends to, if not slightly be- 
hind, the posterior limit of the acetabulum The vitellaria are also composed of 
somewhat smaller follicles and are more extensive in their distribution 
This species, or a closely related form, is said to be a relatively common parasite 


The life cycle of the organism has been partially worked out in India by Rao 


Sewell, 1922. The frce-swimming cercanae enej'st in the same mollusc and in 
Indoplanorbis exustus, as noil as m the barbel, Barbus stigma. The molluscan hosts 
in Singapore and Kuala Lumpur (F M. S ) have not been described. Metacercaris 


tctraclilonde are all effective in evacuating the worms. 

Echinostoma melis (Schrank, 1788) Diet*, 1909. (The Roumanian 
fluke.) 

Synonyms.— Fasciolei/fl xJoenna Garrison, 1908, of Ldon and Ciurea, 1920; 
Eehinostomum ifocanum (Garrison, I90S), of I-4on and Ciurca, 1920, Euparyphium 
jassyensc Ldon and Ciurea, 1922 

Echinostoma melis was obtained by Ldon in 1916 from the dianrheic stools of a 
patient m Jassy (Roumama) and was first believed to be identical with Garrison’s 
echmostome. 

Hsu (1940) reported post-mortem recovery of two worms of this species from the 
small intestine of a male Chinese died of chronic myelogenous leukemia. He 
agrees with Sxidat (1940) that his para«ites are identical with E. meiu (Schrank, 
1788), which Beaver (1939) found to utilize Lymnsa (Stagnicola) emarginala anj^w- 
/nla a«i a first intermediate host and tadpoles as a second intermediate host (region of 
Douglas Lake, Michigan) 


extending from the anterior almost to the posterior extremity The circumoral disk 
is small, w itli a w idtli of 0 34 to 0 43 mm It is provided with 27 spines, of w hich 4 
larg ' ones are situated on each side at the ventral angle and the 19 remaining smaller 
ones arc inscrtetl in a double row without dorsal intcmiption on the border of the 
disk TIic acetabulum is large and globose, measures 730 n m diameter and lies 
some little distance behind the anterior end The oral sucker is much smaller, 
averaging about 220 p in diameter 

Tlierc IS a short prcplusrynx, a small pharynx, and a capillary esophagus, the gut 
bifurcating in front of the acetabulum and tlie ceca extending to the suhcaudal 
region of the worm 

Tile testes, whicli are situatwl iii the jMistenor zone of tlie anterior half of the 
body, are irregular and somewhat lobate. Tlie cirrus pouch extends somewhat be- 
hind the mid-pkne of the acetabulum Its posterior portion is filled with the coiled 
vesicula scmuiahs and the anterior irortion with the cirral organ, the latter being a 
long muscular cone The genital pore opens shghtlj’ in front of the acetabulum. 
The small spherical ovar>’ lies somewhat to the right of the mid-line, midway be- 
13 
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tween the anterior testis and the of the acetabulum. The vitellaria extend 
from the plane of the ovnrj* to the posterior border of the fluke. In the pretesticular 
reRion tfiesc follicles are wholly extra-cecal; more posteriorly they encroach on the 
coca and in tlic posterior half of the worm entirely obscure them. Theootyi»e, with 

‘ terior testis. In 

■ " Tlie uterus fills 

• ■ ■ The opercuJate 

ovoid egRs measure 132 to 134 ^ jn length by 79 to 85 n in transverse diameter. 

NothiiiR is known of the cxtra-manirnalian phase of the life cycle of this fluke 
in areas where human infection has been reported. The clinical asjKjcts of the 
infection have apparcntlj* not been studied. 

Echinostoma revolutum (Frbliljch, 1802). {I’rdlich’s fluke.) 

Synonyms.— ret-oluta FrohUcli, 1802; DUtoma echinalum Veder, 1803; 
Echno'itoma mendax Dietz, 1909 

This ccliinostomc fluke is normallj' a jiarasitc of s/iecics of ducks, Reese, fowl, etc , 
and is cosmopolitan in its distribution. The first human infection recorded was that 
of a native female Formosan (Anazawa, 1929), recox’cretl after administration of 
oleorcsin of male fern. Ilonne, Bras and lae Kian Joe (1947) report this fluke from 
Batavia, Java in ducks and cliickcns, rats, and in two adults and one hoy. The 
-- • • • , •, t ...uu i-Tanan- 

• • • je form 

• latorof 

• , is rela- 

tively short hut It may encroach on the anterior face of the acetabulum. The 
oporculate cRRs measure 90 to 126 M by 59 to 71 a. 

The life cycle of E. revolutum involves two molluFcan hosts, the first for the de- 
velopment of two generations of rediac and the ccrcarla*, the second for encystment 
of the metacercaria?, although at times encystment may occur within the second 
generation redi.T. Consumption of the uncooked mollusc infected w ith the m^acer- 
caria* produces infection in the definitive host. Various species of Lymnxa, 
Paludina, SegmenUna and Planorbis have l>ecn incriminated as first Intermedia o 
hosts ‘ These s.'ime species, as well as Viriparus viviparus, Sphierium corncum an 
the limpet, Corbicula producla, have been found to be involved as second inter- 
mediate fio.sts.* (Srnidar index numbers arc «.«ed in the next paragraph ) ^ 

The literature li-sts the following molluscan hosts ith the localities in which e) 
have been found naturallj’ infected Lymnsa {.Radix) su'inhai vnr. qmdrosi an^ 

L peregrina* Philippines; L {Radix) sp.,'* L {Fossaria) olhda' and Z-. periin,^ 
Formosa; L. stagnahs,^ » Italy, L. ausnAor.' Switzerland; L. pahislris,^^ 
andL. ?nodicri/a,* Canada; A morfife/Zn,* Illinois; A trosAi.^Cafifomia, A ailenun , 
Mexico; Physa gijrina,'^ Canada and Illinois; P. 

allenuala^ Mexico, P rit-orja,'* Brazil, //ebsoaio tnfo/ris,'* Canada an ‘ ! 

H tenuis,' Mexico; Planorbis ccenosus,' Segmentina hemispnserula an • - > 
Formosa; P .sp.,* Brazil, JJulmus pyramtdata' and B pedorosa^ S Aumai • 
Musculium partumeium,* Maryland; Sphxrium cornevm,^ Corbievla pro u 
Viviparus vwiparus,^ Formo.sa In addition, experimental phiisa 

accomplished m A (Pseudosuccinea) columella,'^ Maryland an m > 

Aa/ei,* Maiydand, Pisidiwm sp* and SpAjpriumsp.,*31hnoi;'. !ia« 

The incidence of human infection with Echinostoma reiolulum m J*®"™ . 
been C'-timated at 2.8 to 6.5 fier cent- Di^ and mice are suscep i > * 

hosts. 
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Vmparus ckinensis var. mallealus is belie\'cd to be the second intermediate host 
E. recurvalum (von Linstow, 1873) has been reported as a human parasite in 
Formosa (syn E koidzumii Tsuchimochi, 1924) and in Java (Bonne, Bras and 
Lie Kian Joe, 1947) 



lie a7 ' — Adult Bp^cimcn of 'Pnlral mow X 15 li, 
anterior end, pliowine pattern of collar epines (Craiit and Faust, adapted from VoRel ) 

('rExiTt Himsstiii^s Dietz, 1909, KjtESJi. Opii.vEn, 1910 
(freiiiis from tpd», n tlioii^' or strap) 

Himasthla muehlensi, Vopel, IWW. (Muhlvn's fluke ) 

A Miifile liuman infection w i(h this prcriou«>Iy undc'crilxxi ecluno-<tome ha<« liocn 
rejiorted b> Voficr(1933) Fne^iiecimens were obtained liy Mftlilens m Hamburg 
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after medication with oil of cl 

years in Colombia and had trs 

the infection from eating sevi • ' • ■ 

route home. 

The specimens recovered were already dead, were elongate narrow worms, and 
measured 11 to 17.7 mm. long by 0.41 to 0.67 mm. broad (Fig. 87). The reniform 
anterior end measured 337 to 370 h in breadth and was armed with 32 spines ar- 
ranged in horse-shoe pattern, without dorsal interruption. Of the total number, 
two pairs constituted "corner spines.” The integument was armed only in the 
anterior portion. The oral sucker measured 118-145 ti by 94-123 u, T\hile the 
ventral sucker, some 880 to 975 n behind the oral sucker, measured 358-410 /i by 
357-425 M* The elongate oval testes were situated at the posterior end of the body, 
and Mehlis’ gland and minute, transversely oval ovary, just in front of the anterior 
testis. The cirrus pouch consisted of a very long seminal vesicle, a shorter pars 
prostatica and a terminal cirrus organ armed with rose thorns. Tlie proximal por- 
tion of the uterus was broadly coded between the xdtelHne fields, anterior to ^v hich it 
extended as a median, slightly coiled tubule up to the genital pore. The numerous 
irregularly ovoidal eggs measured 114 to 149 n by 62 to 85 ij, were indistinctly 
operculatcd and immature. 

Nothing is known of the life cycle of this species, but by companion w ith other 
species of the genus (Stunkard, 1937), it probably develops through the redia and 
cercaria stages in a sea-snail or marine bivalve and later encysts in a bivalve. The 
normal definitive host is probably a sea-gull, the human infection being accidental 


Genus Parypiiostomum Dietz, 1909, E.mend. Bhxlerao, 1031 
(genus from irapiT^'n. fringe, and ordfui, mouth) 

Paryphostomum sufrartyfex (Lane, 1915) Bhalerno, 1931. (Lane’s 
fluke.) 

Syaonjmi.—Arlijfechimstomum sufrartt/fex Lane, 1915; Euparyphium mataya- 
num (Leiper, 1911) of Leiper, 1924 and of Lane, 1924; Echinosloma sufrartyfex 
(Une, 1915) Faust, 1929. 

Historical and Geographical Pari/phostomum svfrarfj/fex was first 

obtained by a physician on a tea estate in Assam from a girl, aged eight 
years, suffering from dropsy of the hands and feet and having the genemi 
appearance of starvation. One worm vas vomited, 5 were passed^ after 
administration of santonin, and 57 were passed after administration o 
fihx~mas. , .v <> r 

The flukes, as received in spirit by Lane, averaged 9 mm. in len^h, - 
mm. broad and 0.8 mm. thick and x^ere curved somewhat ventrad. 
description given here is based in part on Lane’s study, in part on co jpe 
material from the Indian Museum studied by the present author, an( m 
part from Bhalerao’s material from Indian pigs. 

Structure and Life Cycle.— The whole of the ventral surface of the 
(Fig. 88) and part of the dorsum are covered xvith sharp spines deep 
embedded in the subintegumentary layer. I’he spherical ace a ‘ ' 

which lies well within the center of the anterior third of the body » ^casii^^ 

1 mm. in diameter. There is frequently a more or less pronounced . 
tionof the body in the region of the acetabulum. At the anterior c. 
there is a circumoral disk surmount^ by a reniform collar o spin s 
88, A), 39 to 42 in number, and all more or less of one size excep n [ . 
the outer ventral angles, whic^ are considerably larger. 
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In the center of the disk is the oral sucker, measuring 0.13 to 0.2 by 0.15 
to 0.37 mm., below which is the pharynx of approximately the same size. 
The latter leads into a short esophagus, which bifurcates almost iramedi- 
jitel}', the ceca proceeding first laterad, then caudad, and extending to the 
posterior extremity where they at times curve inwards. 

The deeply lobed testes he one in front of the other in the posterior half 
of the bo(l.\ . The vasa efterentia and the vas deferens have not been 
observed. The cirrus pouch is enormously enlarged, extending from the 
genital pore in front of the acetabulum more than 0.5 mm. behind the 
posterior margin of that organ. Within the pouch is an enlarged, uncoiled 
vesicula seminalis (posteriorly disposed), from the anterior extremity of 
which there arises the elongate, tightly coiled, tubular cirral organ. Its 
inner end is .surrounded by prostate glands, the outer end is aspinose. The 
ovary is a small, suhglobose hotly, lying on the right side in front of the 



Fio. 88 — Ailuit spopimen of ParujihoitomHtn $ufrartpfex. dorsal view X 8. (oriKinall, 
anterior end of body, showmE circumoral spines, enlarced, (adapted from Lane), O. eftg of 
P aufrarlyfex X 100 (OrlEinal ) 


1 


encroach on the ceca. On the dorsal aspect the\ converge posterior to the 
ovary, while the lateral fields closely approximate one another behind tlic 
testes. The transverse vitelline ducts proceed mesad just in front of the 
anterior testis, and on reaching the mid*plane join each other, to continue 
antcriad to the otitj-pc, uniting en route with the oviduct. The uterus, 
V hioh occupies the intcr-cecal space between the o\ ary and the ucetahuluin, 
eoii'sists of coils densely crowded on one another. The metratenn opens 
through a ]H)re. w hich w ith the male pore, is situated In a slight depression 
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in front of the ncetnhtilum. The cgps {Fig. 88 If) are ovoidal and have a 
welWefined operculnin; they measure 90 to I2o ^ in length ijy (50 to 7.*) fi 
in transverse diameter, and arc immature when laid. 

The life liistory of the worm is unknown. 

Climeal Data.— The infection produce.s a clinical picture .similar to 
Fasciolo}).m infection, with a profound systemic toxemia. The oleoresin of 
male fern (filix-imi.?) is specific for removing the worms. 



von Rdtz), A, anterior end of E. per/mtalu», showing circui 
(after Tanabe), B, egg of E. perfohatut. X 212. (Original ) 


Genus Eciiinoi»arypiuum Dietz, 1910 
(genus from ixlvof, spines, and irapii'v, border) 

Eckinoparyphuim paraubim (Dietz, 1909), a n 

bowei of ducks, geese, swans, doves, etc., has been reco%ere 
human infection in the U. S. S. R. (Skrjabin, 1938). 
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Genus Eciiinociivsaius Dietz, 1909 
(genus from spine, and xaatia, hiatus) 

Echinochasmus perioliatus (v. Katz, 1908) Dietz, 1910. (von Katz's 
fluke.) 

Bynonjins.—Echmosiomum peifolialum v. liutz, 1908, Echinochnsmus 
perfoUatus var. shieldsi Tubangui, 1922; Echinochasmus perfoUatus var. 
japonictis Tanabe, 1922. 

Historical and Geographical D&ta..— Echinochasmus perfoUatus was first 
obtained by von Katz from the small intestine of dogs and cats in Hungary. 
For some years it has been commonly found as a parasite of dogs and cats 
in the Far East, as well as from Italy, Koumania and the U. S. S. R. It has 
also been found in the pig and the fox. In 1922 H. Tanabe reported it as a 
parasite of man in Japan, and proved that human infection resulted from 
the consumption of certain fresh-water fishes, uncooked. 

Structure and Life CycU.— Echinochasmus perfoUatus (Fig. 89) is an 


I 

ventrad. The entire body is covered with spines. The disk-like acetabu- 
lum, which is situated at the posterior limit of the anterior third of the 
body, is appreciably larger than the oral sucker. The anterior end of the 
worm is surrounded by a circuinoral disk which is not continuous across the 
venter. It is surmounted with a coronet of 24 spines, of approximately 
equal size. These spines (Fig. 89 -1) are lacking at the middorsuin as veil 
as on the mid-ventral surface 

The oral sucker is dirccterl a ntero- ventrad. It leads into a narrow 
prepharynx, behind which there is a gloliose pharynx, followed by a long 
esophagus. The esophagus bifurcates to form the cecn. which e.xtend to 
the subcaudal portion of the worm. 

The testes are large, globose, or slightly compressed bodies, Ij ing one in 
front of the other in the mid-Iongitudinal plane just behind the middle of 
the body. The vasa efferentia procewl anteriad from the anterior margins 
of the testes, continuing as delicate tubules o^er tlie posterior half of the 
acetabulum to the cirrus poudi, where they pierce tlie outer wall of the 
sac, unite, and become cnlargetl into the swollen vesicula seminalis. This 
sperm reservoir completely fiffs the cirrus pouch, except for a small ejacula- 
tory duct and cirral organ which occupy its anterior portion The male 
duct empties into a genital atrium immcsliately behind the bifurcation of 
the gut. 

The o\ ary is a small globose body, lying on the right side of the mid-line 
and a little in front of the anterior testis. On the left side, in a slightly more 
anterior plane, is the rcceptaculuin seminis. The vitellaria extend from 
the anterior margin of the acetabulum to the posterior end of the body. 
They occupy ' ' • - • • • « -i . — 

out their ent ' . ' . 

front of the ai 
joining with 
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tubular region surrounded by a few Mchib’ gland celld. The uterus 
origmnCes /roni /(s anterior right aspect and proceeds forwards as a short, 
only sliglitly coiled tubule, over the acetabulum to the genital atrium, into 
which it opens. Only a few eggs (2 to 25) are found in the uterus at anr 
one time, '^ley are ellipsoidal (Fig. 89 B), opcrculatc, thin-slielJed objects, 
witli a hyaline-grcenisii hue. llicy are immature when laid and measure 
from 90 to 135 m in length by 55 to 95 p in transverse iViawcter. 

The extra-mammalian phase of the life cycle is incompletely known. 
Species of Parafossnntlus (P. siriatuhis vat. japoiiiciis et al.) are considered 
to be the first intermediate host, while various species of fresh-water fishes 
(including Pseiidogobio csocinus, Acheilognaihxts ehngatus and A. inter- 
viedhis, Scardinhts crythrophthahnus, Ahraxnis brama, Tinea tinea, Esox 
Incuts, Aspins aspivs, Idus idiis and Blicca hjdrkna, Fluvidraco mtdiceps, 
Pscudopcrilamjfiis typus, Gnathopogon elongatus, Brevigobio kawahatx, 
Pscudorasbora parta, Zocco platypus and Z. icmmincki, Opsarichihys 
nncirosiris, ^fogurnda obsctira and Clixnogohins macrogimthus) have been 
found by experimental feeding to be natural hosts of the infection. Mam- 
mals incur tlic infection through consumption of raw or msufficientb’ cooked 
fish. According to Kobayaslii (1934) only the gills of these fishes harbor 
the encysted metacercariao. 

Epidemiology of Echinostomato Iafections.~Sevcrnl of the cchinostome 
infections develop in the definitive host as a result of the consumption of 
raw fish containing the encysted roctaccrcarim. In other instances raw 
snails or otlier molluscs harbor the metacercarire. In still others tadpoles 
and frogs serve ns tlie second intermediate hosts, and tlius ns transfer 
agents to tlic definitive host. Even raw vegetables linrbor the cysts of 
some species of this group. 

Pathogenesis, Pathology and Symptomatology of Infections With Species of 
the Family Echinostomatidae. —The members of t])is famib' wlijch Ila^’e^^n 
recorded from man are apparently only incidental human parasites. They 
reside in the small intestine, usually near the proximal end, where they are 
attached to the wall by insertion of their spine-encircled oral ends into the 
mucosa or submucosa. Judging from infections in reservoir hosts, they 
appear to produce no more serious damage than flukes residing entirely m 
the mucosa. Small species, as Ecbinochasmus perfoliatns, arc clinics } 
unimportant except in large numbers, w'hen they may provoke an acu e 
enteritis. Medium-sized forms, like Ecliinostoma malayaninn, and -• 
melis, provoke a moderate, catarrhal infiammation of the imicosa. 
Infection with the more fleshy species, Paryphostoxnum^ sufrurti/fex, 
probably Eckinostenna ilocamnn, appears to be accompanied by 
comparable to those of fasciolopsiasis. Human infection with ail o ' 
species is confined to the Orient and to the U. S. S. E., except for the iso a 
infection with Ilimasthla muehlcnei, which was apparently contrac e 


New York City, and Echinostoma melis in Roumania. 

Diagnosis.— Made on recovering the eggs from the stool. Ihese 
operculate, ellipsoidal objects, vag>’ing in color from pale yellow to a j 
ish-brown, and in size. {Vide description under each species 
eggs contain immature larvce when e^'aculated in the feces. ^ 

differentiation from those of Fasciola kepatica, Fasciohpsis bvslx. » niw'i* 


icaisoni and Gasirodiscoides hominis. 
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Therapeusis.— Oil of chenopodium and carbon tetrachloride are specific 
drugs for the elimination of these flukes. The oleoresin of male fern (filix- 
inax) is also effective as a therapeutic agent when E. ihcanwn and P. siifra- 
rtyfex are involved. In each case, before administering one of these 
anthelmintics, specific contraindications should be ruled out, the exact 
dosage of the drug obtained, and pretreatraent and post-treatment purga- 
tion with sodium sulfate (Glauber salts) or magnesium sulfate (Kpsom 
salts) carried out. 

Prognosis.— I'^xcept in heJivj infections the echinostomes are usually only 
minor irritating agents of the mucosa Even in large numbers, sa\e in 
P. siifrarli/fex infection, there is no reason for grave concern, although the 
worms should be eliminate<l by treatment in order to prevent possible 
infection from secondary invaders- 

Control —In the ease of some of these species, eating of raw fresh-water 
fi-sh, tiulpole.^ or frogs, snails or bivalves, should be proscribed; in other 
cases infection undoubtedlv results from eating raw vegetables harboring 
the encysted larva?. Salting or inadequate cooking of infected flesh or 
vegetables will not prevent infection Thorough cooking of nil food and 
Iioiling all water would exclude all of these infections from the human 
intestine. ' 

SuPERFAMiLi Pl^qiorciuoide.\ (Dou,fu.s, 1930) Emenu. McMullen 
1937, E.MEND NOV. (SvK. Dicroc<elioidea Faust, 1929 Pro Parte) 

This superfamily consists of a large assemblage of species grouped in the 
fainihes Plagiorchndse, Dicrocoehtds, Lissorchudx, Macroderoididx, Reni- 
feridsc, llaplometridx, Lcctlhodcndrndx an<l MicrophaUxdse. Human repre- 
sentatives are recorded only from the first two families. 

Type Family PLAGlOnClIlfD^ Luhe, 1901 
(Syn. Lepodermatidie Looss, 1901) 

The species of this f.imib are small to medium-sized flukes, somewhat 
elongated, usually slightly flattened; with cirrus pouch and cirrus wcl/ 
developed ; ovary pre-testicular, usual on the right ; vitellaria w ell developed, 
consisting of rather large follicles. Excretory system with a Jong medium 
.stem and shorter lateral arms. Flame-cell formula: 2[(3 + 3 -f 3) -f 
(3 -}- .3 + .*])] Ccrcaria a pol>adenous xiphidiocercaria. Definitive hosts 
include fislies, amphibia, reptiles, birds and mammals. Species of the genus 
Plagiorchi.f have occasionall.v been reported from man 

Genus PL.4Gioucins Iaiie, 1899 
(genus from irAoyie, oblique, and testis) 

PlngioTchix phihppinenstf Sandground. 1940 (syn. Plagiorckis sp. of 
Africa and Garcia, 1937) has been recovcrerl by Africa and Garcia (1935) 
at an autops\ in M.anila, together with specimens of Echinosioma tjocanum 
and lIrtrrophyi-1 brericxca, from the small intestine of a nati^e male 
lioc.moan. where the inhabitants eat the grubs of certain in-sects believed 
to lie the se<‘onil interinwliate hosts of tliis fluke. 
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Plagwrchia jntcnsis Sandgnmnd, 1940 was obtained as a single specimen 
at post-mortem of a native Javanese who had harboretl a heavy infection 
of Echiunstomn Uocanum. 'Hie accompanying figure (Fig. 90) illustrates the 
characteristic features of the species and of the genus. 

Plngiorchin mvrut Taunhc, 1922, a natural parasite of several groups of 
birds at Douglas Lake, Micln’gan, einploy.s the snail Lymnxa {Stagnicola) 
emargimia ongulafa as second intermcfliate host. McMullen (1937) 
obtained experimental infection with this species in mice, rats, pigeons and 
himself following feedings with the encysted mctacercarim from the snail. 



Fio 90 — PlaoicTchu jartn- 
«i«. adult, (ram human in- 
tcatinc, Java. X 40 (After 
Sandground, Rev. Med 
Trop y Parositol . Ilabana ) 



Fio. 01.— Adult 
specimen of Dtero- 
athum dendrilieum, 
\cntral view. X 10, 
(Adapted from 
Braun.) 


Famili/ DICROCajLIID.-E (/xxiw. 1907) Odhner, 1910 

This family contains a large assemblage of species lyhich are ebarart^"] 
bv having the testes in front of tlie ovary. They live in the^ l 
occasionally in the pancreatic) passages, or intestine, of their serte 
hosts. The majority of the species are parasites of bmis. Tw" ^ 

the family, ivhicli are common parasites of domestic mammals, are 
from man. 

Genus DicnocaJLimr Dujaudin, 1845 


(genus from bixpboi, double, and xoiXIa, ca\itj) 
Dicroccelium dendriticum (Rudolph!, 1818) Looss, 1899. (The la 
fluke, causing dicrocoeliasis.) 
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Ssnonjms,— Fasciola lanceolata Rudolphi, 1803 (homonym): Fasciola dendnUca 

ri ... . . , , . . 


vu>piiuiiu taiiieis. ii IS uuqucntiy associated witli i-'aicio/a hepatica and occasion- 
aUy ^vlth Enryirema. Genuine human infections are relatively few (Germany, 
Switzerland, Czechoslovakia, Italy, France, Esj-pt, Syria, Northern Africa 

U.S S R , Java and China) «««— » 1 ^ • . 

Soviet investigators (Skrjabir 
BerVienan (1934), and in Shar 

demonstrated the presence of D dendrilKuni eggs in the feces of many' persons, fen 
of whom had infections with the worm, many of whom had ingested infected slieep 
livers and were therefore cases of spurious parasitism 

More recently van den Berghe and Denecke (1938) have reported human infection 
in the Belgian Congo and Roche (1948) m Nigeria 

Structure and Life Cycle —The worm (Fig. 91) is lancet-shaped and very 
flat. It measures from 5 to 15 mm in length by 1.5 to 2.5 mm. in breadth. 
The posterior end is rounded and the anterior end is attenuate Its integu- 
ment is aspinose. The acetabulum, which measures about 0.5 to 0.6 mm. 
in diameter, lies one-fifth tlie body distance from the anterior end. 

The oral sucker is terminal. It leads into a minute globular pharynx and 
further into a delicate esophagus, which bifurcates some little distance in 
front of the acetabulum, the ceca proceeding caiidad and ending at about 
the beginning of the terminal fifth of the binly. 

The excretory system consUts of a verj long, tubular bladder (Fig 4), 
with a pore at the posterior end of the body and a pair of lateral connecting 
tubules, which arise from the antero-lateml aspect of the bladder and 
proceed latero-antcriad, dividing into anterior and posterior branches in 
the mid-plane of the ovary. Each branch trifurcates and each fork gives 
rise to two capillaries, with a flame-cell at the head of each c-ipillary. 

The two, slightly lobed testes are situate<l somewhat obliquely between 
the ovary and the acetabulum. The vasa effcrentia arising from the testes 
ascend sklc by side to the anterior margin of the acetabulum, where they 
join and, entering the bottle-shapcil cirrus pouch, enlarge into the coiled 


meuian line and somewhat in front of the equatorial plane 'I'lie small 
rcceptaculum semuib lies behind it and Laurer’s canal is situated to the 
left. These several organs open into the oviduct on its way to the ootype 
The vitellaria occupy the lateral fields in the mi<ldle two-sevenths of the 
body, encroaching upon the ecca in the region wlicre the transverse ducts 
arise. These latter are directeil mesad and, on uniting in the mid-line, 
proceed anteriad as a short common duct to join tiic oviduct before (be 
latter enters the ovitype. The vmtype is a sliort. tubular passage surrnvm(h“d 
by delicate Mehlis’ginnd cells The iitenis. wliich arises from tliejKistcrior 
aspect of the ootype, consists of nii intricately coiled tube that fills the 



204 INTUHTINAL, BILIARY AND PULMONARY TREMATODl'.S 

jjiter^eta] iieJd iji the posterior thrce-Rlthi, of tlie u'orui, finally ascending 
on the left side of the median line and proceeding under the left testis and 
past the acetabulum, to open through the female pore just in front of the 
male tnhnie. 

The eggs of Dicrocoelium dendriticum (Fig. 92) are thick-shelled (with 
four shell-layers), and are distinctly operculate, with a deep, yellowish- 
bro^vn color TJ)ey measure 38 to 45 ft in length hy 22 to 30 fi in breadth, 
and are quite resistant to desiccation. 

The larva? are usually mature when the eggs are laid, but they do not 

hatch wh ’ ’’ • • • y i . . i.i.i x. 1 

hatching 

and this inoae oi entry nuo tne iiioiiusciin jiosis nas ueeii succeasiuuv 
demonstrated by Vogel (1929), Cameron (1931), Skvortsov (1934) and 
Mattes (1930). The molluscs known to be utilized by this fluke are the 
follo\ying land.s snails: Zebrina ddrita, llelicella candidula, II. ericetorum, 
Euomphdlia strigdla and AUda Jrumcnium in Germany, II. cricetonm 
Cochlicelln (iciila in Scotland, Z. ddrita in Switzerland, Z. detriia and II. 
cricdoriiin in Jugoslavia and II. vnifasciata in U. S. S. It. (Moscow). 

h’pideiuiologic and life history evidence indicates that 
Cemiria ttirina von Linstow, 1887 is the larval stage of 
the definitive generation. Thiscercarin (Fig. 03)i which 
is produced following two sporocysts generations within 
the snail, is an elongated, ovoldal, aspinose larva, vary- 
ing in body size from 700 by 70 n, when elongated, to 
400 M by 200 n, when contracted; with a minute stylet 
directed somewhat dorsad; with subequal suckers; with 
12 posterior pairs and 3 anterior pairs of penetratwn 
glands, the former being pouch-like and filling a major 
portion of the body; with an e.vcrctory bladder having 
a long, dilated stem and short, canaliculate cornua, 
with a flame-cell pattern of: 2[(2 2 4* 2) 4- (2 + 2 4* 

2)J; and a long, simple, caudal appendage tapering ojs- 
tally to a small diameter. 

According to Mattes (1936), the cercarire leave their molluscan host 
only \i’hen, after a long period of sunshine, rainy weather sets in. The} 
migrate out of the second generation sporocysts through a cerA’ical birth 
pore and proceed to the snail’s respiratory chamber, where groups of 200 
to 400 secrete slimy, c}'stogenous material to form a common, spherica 
cj’st They are passed down to the opening of the respiratory chain r 
and remain there by their Sticla' adhesion. Five to fifteen such 
ma.sses are c.vpcJled and 
by a thinner slime coati ^ ■ 

balls to become attached to plants and other objects. _ _ 

WJjen sheep or other herbivorous mammals eat grass containing ^ 
adherent slime balls, they are exposed to infection. The incubation 
in sheep has been found experimentally to be three to n\e am a 

Epidemiology.— This has not been studied for human infections, 
of their relatively rare, sporadic occurrence. However, the mcc ani« 



Flo 92- I’lioio- 
micfORrapij of ogu 
of D. eiendri/teum 
X 450 (Crais and 
Faust ) 
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infection of sheep and other reservoir 
hosts consists in the transfer of masses 
of encysted inetacercaria? on grass into 
the digestix-e tract of these dcGnitivc 
hosts, the excystation of tlie metacer- 
carife and their migration up into the 
biliary passages. 

Pathogenesis, Pathology and Symp- 
tomatology.— In this, as in Fasciola 
infections, the presence of the worms 
in the biliary tracts gives rise to en- 
largement of the passages, hj'pertrophi' 
of the biliary epithelium, scar-tissue 
formation around the ducts, with grad- 
ual pressure atrophy of the In er cells, 
and eventual portal cirrhosis Toxemia 
is mucli less marked tlian in sheep liver- 
fluke infection, probably due to the 
smaller size of the worms At times 
chronic constipation and flatulent dys- 
pepsia, with enlarged liver, and symp- 
toms of toxic depression, have been 
observed In patients infected with this 
worm. In oilier patients diarrhea and 
vomiting are the cardinal symptoms. 

Diagnosis. —Made on tlie consistent 
finding of the characteristic dicrocadiinc 
eggs (Fig. 92) in the stools, or by duode- 
nal drainage. Care must be used to 
exclude spurious infections. 

Therapeusis.—Galli- Valerio and Ber- 
nard (1931) claimeil the cure of a 
patient to whom they adininisterc*! 0 
Gm. of thymol three times daily for five 
days. 

Prognosis.— In man the infection it> 
usually not serious and is not Known to 
be fatal. 



Tio 91 — Ccrcarift of Picroctrfium <fen- 
rfn/ic«»n, ^ent^al showing excretory 
system and lytic elandi X 188 At upper 


Control.— Care not to consume grass, 
cress or other green herbage from eii- 
tlemic meadows and pasture lands, or 

tlrink imfiJtercd w.iter from such emiemk* areas, eonstitiifes jidwpjafr pro- 
tection for human beings. 


Gexv.s Kotytresik Loovs,, 1007 


(genus from evpi’s, broad, and rpe^ia, “sucker”) 


Eurytrema pancreaticum (Janson, IS.S0) HIOT. ('Flic p.uicrcatit 

fluke ) 

Synonyms. — Di^tomum piuicrcaticum Jan^oii, 18S9, Dirrocahum jirjiicrcntinnn 
Hail , and Marntol, ISOS, Kurt/frrmn *otoi Kol>aj»«hi. Ifll >. 
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Eurylrema pancrca/icwm (Fig. 94), a common parasite of the pancreatic duct of 
pigs in Hongkong, and also commonly found in the biliary passages of cattle and 
water buffaloes in the Orient, and occasionally found in the camel (North China) 
and the monkey (Macaca syrichta fascicularii), has been recorded once from man 
(Hongkong) . This fluke differs from Diawcclium, dendriticum in being much stouter 
and broader, and has slightly nifUed ntargitts. The oral sucker is verj’ large, while 
the acetabulum is only moderately developed. Tiic deeply notched testes both lie 
in the posterior plane of tlie acetabulum, their efferent ducts proceeding mesad and 
uniting as they enter the cirrus poueli. The drral organ is long and muscular and is 
frequently everted far outside the male opening. The ovary is a small, notched 
organ, situated on the side of the common \'itelline duct opposite the ootype. The 
vitellaria are dendritic follicles lying m the third-fourth of the body, at times en- 
croaching on the ceca. The uterus occupies the entire posterior half of the body 
between tlie ceca; it a).*^ occupies a considerable area anterior to the right testis 
The eggs are indistinguishable m size and color from those of D. dendrilicum. 



ria 01 —Adult specimen of ^ 


This fluke produces lesions similar to those of sheep liver fluke in ec i • •< 
FnscioffT hepahea infection) In pigs the worm lives in the pancrea 
oiitpocketmgs, where it gives ri&e to a hypertrophy of the . .u-! ^nd 

off of the duct by scar tissue. The only record from man, cited by 


Infections are usually light except in pigs The clinical nianiie-iiativni 

Tile We eyelt of tl,e fluke L. uilkiio...., but it ‘“'"•‘'''‘''y 
U1 a similar manner to that of Dierocabum. iJencCt ® against human 

herbage from .suspected meadows presumably affords p o 
infection. 



CHAPTER XV 


TREMATODE PARASITES OF THE INTESTINAL TRACT, 
BILIARY PASSAGES AND LUNGS {Concluded). 

SuPERF.uiiLY Opisthorchioidea (Faust, 1929) Vogel, 1934, 
Emend, nov. 

'Phis superfainily contains several families which may be relateti phylo- 
genetically or may represent two or more lines of convergent or divergent 
evolution, depending on whether the cercaria; or the adult stages are taken 
into consideration as the l>asis of relationship. Two families, the Opisthor- 
chiidas Braun, 1901 and the Heterophyidse Odhner, 1914, contain species of 
medical importance. 

Type Family OPISTUOltCmiD.E Luhe, 1901. 

These flukes <are tj-pically flattened, more or less lanceolate (Subfamily 
Opisthorchiinos) or are posteriorly truncate<l (.Subfamily Metorchiinte); 
are frequently almost completely transparent in the li^ing state and arc 
provided with weak musculature so that they appear flnbb\ . They lack a 
genital sucker {(jonotyl)- They commonly inhabit the biliary passages, but 
at times may be recovered from the pancreatic ducts or duodenum. The 
metacercariie are encystetl in fishes, less frequently in amphibians The 
ilefinitive liosts are reptiles, birds and mammals 

GENU.*^ OPISTIIORCins R BL.\NClLtllD, 1895 
(genus from 6wi90iov. posterior and testis) 

Opisthorchis felineus (Ilivolta, 1884) Blanchard, 1895. (’fhe cat liver 
fluke, c.iusing opisthorchiasis felmea.) 

Synoarias.— Disloma eonus Gvtlt, 1831, nre Creplin, 1825, D lanceoMum felts 
call V. Siebold, 1830, D.felinevm Rivolla, 1884, D lanccohUm canisfamilians van 
Tnglit, 1889, D sibirteum Winogradoff, 1892, D u'lnogradoJJi Jaksch, 1S97, 0 
Unuicolhs (Rudolphi, 1819), of Ejsmont, 1937 

Historical and Geograpliical Viti.-'Opistkorchis fthneus is tbe lanceolate fluke 
commonly found in dogs and cats m Central and Eastern Euroiie. It has been 
described from man in Pru-ssia, m Poland, and m Sd)cna, where it is common It is 
^aid to be particularly hea\’5’ at Kun-sches Ilaff, East Prussia, and in the Ob basin of 
Siberia. The first human cases were reported by WinORradoiT from Tomsk (1892). 
There are also records of its occurrence lu India, Japan and Tonkin (French Indo- 
China), but it has not been proved to occur endcmically m the Smo-.lapancsc area 
where Clonorchis is prevalent Stoll (1947) has estimated the world incidence of this 
infection to be 1 1 million, confined almost entirely to Eastern Eurojw and the 
U.S.S.R , . . , , 

Structure and Ufe Cycle.— 'Hre adult wonii (big 9.>) is a laiice-Miaperl 
treiiiato<le, rounded posterinrf.' and tapering anteriorly. It measures fnmi 
“ to 12 mm. in length b.% 2 to 3 inm in hrejultli. Its thickness i" onl' a 
small fraction of its briMcIth. On iK-inp fre>hl\ rcinovwl fnini the huwr\ 
tr.net. the fluke is ncrineatc<l with a reddish or nsldislwirange line, llio 
‘ (207) 
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integument is aspinose in aduU worms but immature forms may still possess 
spines. The acetabulum, which measures about 250 n in diameter, lies 
about one-fifth the body distance from the anterior end. 

The oral sucker, which has the same measurement as the acetabulum, is 
subterminal and is directed antero-ventrad. It leads directly into a small 
bulbous pharynx, which is followed by a very short esophagus, the latter 
bifurcating almost immediately to form the ceca, which extend almost to the 
posterior end of the worm. 

The exeretory bladder is a long tubule, occupying the mid-line in the 
posterior fourth of the body. The pore is terminal. There is an anterior 
median pocket in front of the openings of the 
pair of lateral collecting tubules. 

The testes are lobed glands, situated obliquely 
in the posterior fourth of tlie worm, one to the 
right and one to the left of the excretory blad- 
der. The two vasa efferentia arise from the ante- 
rior aspect of the testes and in the equatorial re- 
gion of the body unite into a common vas deferens, 
which ascends anteriatl, enlarging en route into 
the slightly coiled vesicula scminalis, uhich term- 
inates in a weakly muscular ejaculatory duct. The 
latter proceeds directly to the genital atrium. 
There is no cirrus pouch. Prostate glands and 
cirral organ are also lacking. The ovary is a 
small, ovoidal or slightly lobed body, lying in the 
I mid-plane slightly in front of the anterior pouch 


Fia 95 — Adult specimen of 
OpisfAoreAts /eltneus, dorssl 
X 10 (After Stiles and Hassall, 
Hygienic Laboratory Bull , U. S 
Marine Hospital Service.) 



of the excretory bladder. Behind it are the retort-shaped P , • 
lum seminis (left) and Laurcr’s canal (right). Immediately to ® ^ ^ 

the ootype, with surrounding aeiniform Mehlis’ glap^ ceb®* 
which consist of many transversely compressed follicles, occupy ' 
cecal fields in the middle third of the b^y. The collecting . , . • , 
posteromesad and unite into a short, common vitelline due , 
with the oviduct before entering the ootj^pe. The uterus 
anterior aspect of the ootype and proceeds anteriad as an m 
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tubule, terminating in the metraterin wliidi opens into the genital atrium 
beside the male tubule. 

The eggs of Opisthorchis felinetis (Fig. 96) are elongate, ovoidal objects, 
. ' ' ’ ’ ' ’ ’ 11 /i.) They possess an 

I ■ the shell proper. The 

ts internal organization 


is asymmetrical. 

Hatching of the egg does not occur 
free in the water, but only after ingest- 
ion by certain snails. The known raol- 
luscan host in Prussia is liulumis Icachi 
{Bithynia ieniacitlaia), in which first gen- 
eration sporocysts have been found to 
develop in the vicinitj’ of the rectum 
About one month after exposure to infect- 
ion the second generation (rediie) leave 
their mothers (sporocysts) and migrate to 
the region of the digestive gland Here 
the redia* produce cercariie, which, while 
.still immature, leave the redire (Vogel, 
1934). About two months after exposure 
of the snail to infection, mature cercariic 
begin to suarm out. These cercarue (Fig. 
97) are positively phototactic and geotac- 
tic and actively seek the ground zone be- 
neath the water. They are pleuroloph- 
ocercous, have pigmented “eye-spots,” 
possess ten pairs of penetration glands, 
each \^ith its duct opening dorsal to the 
oral aperture, and a flame-cell formula 
of: 2[(5) + (5 4-5 + 5 + 6)J. Theprox- 
imal region of the tail is surrounded by an 
integumentary sheath, which is continued 
into a nearly transparent dorso-vcntral 
rudder. The body of the living cercaria 
measures 132 to 172 n in length by 41 to 
48 n in diameter, and the caudal organ 
has a length of 400 to 500 n. 

A’ogel (1934) be!ie>-es that the cercaria; 
of this fluke attack the fish host only after 
the fish enters their immediate milieit, 
whereupon they become attached to the 
scales, drop their tails and penetrate into 
the tissues. Encystation takes place about 
twenty-four Iiours later. According to 
Ciurea (1917), the following c^prinoal 
fishes have been found infecte<l: /rf«t 
wclanotus, Tinea tinea, Cyprtnvs ciirpio, 
Barbus barbits, ^Ibravtis brama, Blirea 



Flo 07.— Cercaria of O /rltnm, 
>entrB( view. X 310 (Crai* and 
Faust. Biiaptcl from VoRcl. 1011 ) 
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hjorknu, Lcuchcun r«07».t and ficttnlimun erythophthalmin. 'Hie first tuo 
species inentiojied arc most wminonly iiifcctecl. Ahoiit six weeks are re- 
(luired for maturity of t!ie entystod inetawrairijewitliin the fish. Exc\sta- 
tion occurs almost iimncdiately after the eysLs. taken into the diRcsthe 
trnct^ in raw fis!) flesh and dv<‘HtwI out of the M in the host’s stomach, 
pass into tl>c diUKlcnum. The frml inetacrroaria* migrate rapidlv iiplhrouRh 
tlic a!nj)ul!a of Vnter, tlierj pass into the (h\tjil Idle ducts, where they i)e- 
{x>me attaeluHl to the biliary epithelium and in.ature 
in th«“<* nr four wtrks. 

The eutin* Ufeeyeleof O./r/mrui retjuircs a mini* 
mum of four to four arul a half months. 

Epidemiology.— Human itjfection, like that of 
resffxoir hotts, results from the consumption of 
fish flesh, either raw* or inadequately cooker), con* 
tainin;; tlie viahle cysts of this liver fluke. In 
K.'istero I'nisMa iinrl arljafX'fit areas havi/rR rivers 
flowing into the Ilaltic Sea, raw fiNli is a common 
article of iliet, as it is in central Siberia, /rhw wrf- 
miotiis and T’liirri tinea are the fishes most com- 
monly iiifectisl. 'J1u*<e are both important food 
fishes. It is of iiilen.'st to note that these fi-lics 
arc apparently not sources of infection with 
DipInitliJxith r! urn laiu m . 

Opisthorebis Tiverrini (rolrier, ISSfi) Stiles .and 
Ilassidl. lS{)(i. 

Opttthorehin riurrlni (Fi);. OS), wliich was first dcscnlw 

/r<M» the rivet cat, ‘ ‘ " 

Kerr fnmi mitn|wcs \ • • 

(Kirtotl ia nlM)ut 2.'> |»« * . ‘ ' 

c<miit O’. doteniunorl l>y sttMil esaminat ioiw Tins .spceics 

difTrrs from O. frliitftit in the creator proximity of tlic 
ovary to the trstrs, the ihflrrent tyi>e and ilistrilmtion o 
the vitelhria and tlie Rro.ater tendency of the ” 

fonn dorp lobules The orss are al-o «hnrtcr and broa er 
(2*'. by 13 p). 111 tills resiwct boinR more like rionwcfii 
CRKs. Infection is undoubtedly acquired thnwiRli con- 
.s»niptw»j of ii)fect«l raw fish. . „ , • „w,, 

P<>s«;ibl\' tills Miecies is identical with 0. Icnui 
(liuilolpli'i, 1819) Slilc null lln-Mill, 1890, » 
marine m.sinmnl-» (t-eals and poriiol'cs) whici on 
estuaries of rivers to catch fish. If this is the c.sse. then 0. ntrmni is a synonj m 
0. Icnuir/)lli9. 

Opisthorchis noverca IJraun, l‘.K)2. _ 

Synonyms.— Dis/oMia conjunctiim Ixswis and CunninKliani, 187-, . "'7’ 

Tiofcrcfl Barker, 1911. . r inHim nariah 

Opisthorchis noveren, which was first found in the biliary „♦ tlic 

dogs by ro«;. snd r..T.ninol..m in 1872 oml Ino J-raiN Inlirby 
autops; ‘ ■ _ nation 

size of larpci 

of the ewo!' 

oi'gs, xvhich measure 34 by 21 p TIic fluke has nbo been lepumu 
verene and from tlie domestic pig (Indw). 



I'm. VN. - .\tiu1t I'liofi* 
WWW o{ Opi«lM»r«Av* TitcT- 
rwit, ^ciitrul MCW-. X 10 
(After I^eiper, iii Jour. 
Itoyal .\rniy Mr<l Corj's. 
Courles> of John Unto 
Sons Si Danielssoii, Ltd ) 
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var. v„,„„ 

Historical _ r'l—. * 

McConnell 
described bj 

in 1875, although it ms not Vracnbcd 

i>...hogen,o ,^ty (7,. 

- ^um). Various records ot the fluke in 

appeared from 1877 
t^i f ‘ ‘a" '"'onunbon on the infec- 
tion m tfic endemic area in China ivas not pub- 
lished until 1008 (Heanley). 

• Distribution.— The distribut- 

ion ot this fluke is coniined to the Sino-Jap- 
“"f "“"f (F'S- 09), ivhere man, dogs, caC 
Willi cats, liogs, martens, badsers, minks, and 
EUinca-pigs have been found to be naturally 
mtected. The endemic area estends through- 
out Japan, Korea, China (eveept the north- 
west), Formosa, and Frencli Indo-Ohina, ol- 
tliouRli heavy foci of human infection arc con- 




riG 100— Adult spoMmen ot C/onoreftM « 


vpnlnl View. X 8. j1i detail of tlie 
bladder, hp, terminal portion 
, , , ■ tubule, ap, Rcmtal pore: Lc, 

larynx, sr, seminal receptacle. 

^ ie uiiMi V ^icie. ti. t], anterior and posterior testes, v<, uterus; rrf, xas deferens: rei, rft. %asa 
cffercntia. tU, -^itellaria, nf d. vitelline duct (OriRinnl.) 


fined to the Okayama district in Jaj>an> Soutliem Korea, jiarts of Kwangtunj; 
frot'ince, China, and the delta of the Bed River in Tonkin (French Indo-China) 
Btnford (1934) has found infection with C. sinensis in native Hawaiians who have 
never left the Islands. It is believed that froaen fresh fish or dried or pickefed fish, 
snipped frorn 'Japan or China, are tlie source of these infections 

Stoll s eshmated world incidence of clonorchiaids is 19 millions, all m Eastern 
Asia. Wliile Chinese and to a lesser extent Japanese, Koreans and Indo-Chinese hare 
carried this infection to all parts of the world, there is no evidence that it lias ever 
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l>ecome cstabli«ihetl outride the area*? of auchthonous infection in the Far East. 
Tims, clonorchiasis should not be lI^tecl as a qiianintinablc disease 

Structure and Life Cycle.— The adult fluke (Fig. 100) is a spntulate u orin, 
tapering anteriorly and somewhat rounded posteriorly. It is flat, trans- 
parent and flabby. The two species (C. si/iensis and C. endemiciis), Avhich 
were created by I^ooss purely on size difTerences, are now recognized as a 
single valid species, \\ith a size range from 10 to 25 mm. in length by 3 to 
5 mm. in breadth. The integument of the adult worm is aspinose. The 
small acetabulum (ra) is situated at the Iteginning of the second fourth of 
the bod\'. 

The oral sucker which is slightly larger and more muscular than the 
acetabulum, is directed anteriad. Immediately behind it lies the smaller, 
globose pharynx (pk), posterior to which is the short esophagus. This 
latter tube bifurcates into two somewhat inflated coca (c), which continue 
posteriad to the caudal region of the l)od> 

The excretory bladder (b) is 
a long, sacculate structure. 
ha\ing a somewhat S-shaped 
course between the ovary and 
the posterior end of the body. 

The lateral collecting tubules 
(et) empty into the reservoir 
some distance behind the an- 
terior extremity of the bladder. 

These collecting tubules pro- 
ceed laterad, then anteriad, to 
theprcncetabular plane, where 
they appear to divide into 
much .smaller anterior and 
posterior branches. 

The testes (b, fj) are deeply iobed organs lying one in front of the other 
in the posterior third of the body. From the central mass of each there 
arises a vas eflerens {iCi, rej), which proceeds around the seminal receptacle 
to a region slightly in front of the osary, before uniting w ith its mate to form 
the vas deferens (rrf). The lattersooneiilarges into the vesiculascminalis(jc), 
which ascends to the genital atrium (gp) immeilintely in front of 
the acetabulum. The ej.^culatory <hict is a weakly muscular exten- 
sion of the seminal vesicle Cirrus pouch, cirral organ and prostate 
glands are lacking The small, slightly lobc<l ovar.\ (or) lies in the mid- 
pl.ine just under the anterior tip of the excretory bladder, 'llie retort- 
shaped rcceptaculum seminis (sr) lies to the left at an oblique angle 
Uetween it and the ovary is tlic origin of I^aurer’s canal (Ia:), wliich ascends 
to the dorsal surface where it opens through n minute pore. The vitellaria 
(n'O consist of minute follicles, occupying the extracecal field in the mid- 
third of tlie b<xl\ . The transverse collecting ducts (rif d) proceed mesad, 
uniting to form a common vitelline duct, which joins the oviduct after the 
latter lias rcivivi-d the common duct from I,aurcr\ canal and the rcccptacu- 
lum seminis, then empties into the ootjpe («») Melilis’ gland (Mgl). 
w-hich surrounds the oot\pc, consists of minute, acinifomi cidls, forming 



Fio. 101. — F.tg of Clonoreftu tintmtt, with en- 
closed miracidium. Left, X 1200 (From Fauit 
and Khaw, Am Jour ofHysiene), right, X 830 
(After Faust, in Brenemann, lYacticoof Pcdiatrica, 
courtesy of W. F. Prior Company.) 
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a Idoso tlihular investment around the a<»type. Tlie uterus (til) arises from 
the antenor aspeet of the oiJtype, procec<ling ns n closely coiled and con- 
voluted tuhule throne'll the inter-eeon! space up to the jrenital atrium (gp), 
wlicre it terminates. 

Tile CHI'S of ('loutirrhi't xinnm.'i (Fin- HH) vary from 27.d to Jlo.l n in 
leiiHth by 1 1.7 to Hl.o n in lireadth, with an a\ crane of 20 liy K) n. ^Pliey 
are light ycllowish-hrown in color, nixl have tlie shaiie of an old-fashioned, 
carbon-filament electric-light bull). The ojiercuhitn fits closely into the 
shoulder tbiekening of the sliell, like the li<l of a sugar lam 1. The egg, when 
laid, usually contains a maturt' mirncidium, whicli, like that of dpwMorc/a't 
JeVntem, is cliaractcriyed by an nsyimnctry of internal organs. 



rio 102 — r»r8t intcrincclinlc inotiu«can o> Clcnorffiit 
(frtoaaui. U. P txneutii. iiroUnhlyiioohcil in thoCpcUral VnnRtto \ nllpy, Chitin. Imt S 
iiirriminntcd, C, Bulmu* fuchtiitnuf, t), atoei"'"'* lonoifornu. X 1 1 (OriBinnl ) 



1. 103. — First and second mtra-molliiscan generations of C/onorcAis **"^"*‘*. Hygiene ) 
n-ith developing rcd.sp; fl. redia (After I'nu-t anil Khaw, Am- Jour. oi lus 


Hatdiing ot Clamrehis eggs does not .take 
body of the appropriate molhiscan host. \ mble eggs hate P ^.^j-niin 
their development only after they have been possivcJ.v mges • 
species of bithyniid snails. The molluscs which lm\e , gouth 

incriminated include the following: Parajossnrvlus 
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Cliina, rrench Indo-Cliina and Korea; 1*. stnatulux \<iT. japomciis, Japan, 
r. sinensis, South China, liulhinis fiicksianus. South China, B. chapen. 
Tonkin, French Indo-China; Alochtma hngicornis, South China; Semi- 
siifcospira konlongensis. Shaohsin?, Chiivi; and Melanoides fubereulotiis, 
T«»nkin, Frencli Indo-Chinn. Melania spp. have also been suspected as 
natural transmitters on Itlaui Island, Hatt^iian Islands, but the infection 
acquired locally was probably due to infected fish imported from Japan 
or China. (See Fig. 99.) Ilatching of the miracidium m.‘i\ occur in the 
esophagus, mid-gut or rectum of the mollusc, although it hcems most 



Fio. 101 — Cercana of Ctonofchu tintrisa. A. tnUtt w^r.a. X m 75. D. 

X 300. C. details of the body and adjacent portioo of the tail. X OlC ca . , ^ 

tubule, e/. caudal fin: c. cje^cpjt. ch, excretory Madder, 't. exerctorj tubule, ff, semtal pr,. 
moriLuo: m. oral sucker, p. penetration (elands, pd penetration eland ducts, ph. pharynx, r. 
ventral sucker. (Oneinal adaptation from Yamairuti ) 
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likely that the mid-gut is the usual level of the intestine where this takes 
place. The miracidium then penetrates through the gut wall into the 
peri-intestinal lymph spaces, where it metamorphoses into a sporocyst 
(Fig. 103 A), migrates towards the lymph sinuses surrounding the digestive 
gland and there produces a progeny of redire (Fig. 103 B). These latter, 
in turn, produce cercariae with keeled, lophocercous tails and pigmented 
“eye-spots” (Fig. 104). The mature cercariae effect an opening, first in the 
tissues of the redim, then in the taut outer tissue layers of the mollusc, 
escaping into the water, where they swim about vigorously. 

According to Yamaguti (1935), the cercaria (Fig, 104 A-C) has a body 
length of 130 to 170 p and a body width of 00 to 80 fi, while the tail, with a 
proximal region surrounded by an integumentaiy sheath and a distal, 
dorso-ventral keel (cf), measures 330 to 380 m by 33 to 42 p. The oral 
sucker (os) is pyriform, measuring 28 to 39 by 22 to 34 p, and the acetabu- 
lum (r) is transversely ovoidal. The penetration glands (p) consist of four 
inner and three outer pairs. Tlie genital primordium (< 7 ) is a compressed 
mass behind the acetabulum. 



FiC. 105. — Cyst of Clonorchu rintrtsu from fresh-water fish. 

Am. Jour, of nj-pene.) 


X 20. 


(After Foust Khaw, 


On coming within proximity of a fresh-water fish, the . .. 

attached to the fish, penetrate under the scales and into the . 

meantime discarding their caudal appendages. Forty or more fres 
fishes of the family Cy'prinidw, less commonly of the famnies 0 ‘ ’ 

Anabantida; and Salmonidte in China, Japan, Korea, Indo-C ma « 
Formosa have been found infected with ClonorchU.^ The 

stitute the majority of the species and are epidemiologically most .. . 

In South China, where freshly killed raw fish is considered a grca ‘ 

by epicures, the ide, Cienopharyngodon idellus, is the 
of infection for the human population. Ifsu and Khaw (193u) an^ 

Chow (1937) were able to incriminate only genera and China, 

family C^Trimdae as second intermediate hosts of '‘J, -jj tJje 

Once witliin the fish, cystogenous fluid is slowly poured fo spherical 
pores of the metacercaria's mteguraenf, “setting m the form o . 
or ovoidal Avail. The presence of the cyst within the tissues 
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provokes, a reaction on the part of the host cells, resulting in the deposition 
of an outer-tissue capsule around the true cjst wall (I'ig. 10.)). Develop- 
ment of the encapsulated larva depends on the amount of nourishment in 
the immediate vicinity. On consumption of the infected raw fish, the 
mammalian host becomes infected. In the stomach of the definitue host 
the cysts are digested out of the flesh and the outer capsule is digested ofl’. 



On passing into the duodenum, the true c.\st wall is weakened, so that the 
nctivated metacercaria breaks out, secures attachment to the duodenal 
yall, and migrates to the opening of the common bile duct. It continues 
its course to the biliarv duct and wnndersuptothedi'.tal hiliar\ capillaries, 
''here it settles dowVi, sheds its integumentary spines and grows to 
‘Adulthood. 

The life cycle of Clonorckis ginrnsis is siimmanzerl in the nccomp;m.\ing 
diagram (Fig. 106). . , . u 

Epidemiolorr.-IIiiman infection, like that of reservoir liosts, results 
from consumption of infected fresh-water fishes containing the c'lt'.'stcu 
metacercaria*. The areas of human eiideiiiicify are soinew liat more limited 
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than thi: ureas for reservoir hosts. Thus, in North Cliina uutoclithonous 
liuinan eases are relatively uncommon, nltliough there is a heavy incidence 
iti (logs and eats. In the Foochow area of Fukien Province, China rats 
Iiave l)een found infected. Jn the lower classes of the population, partk- 
uhirly the peasants, fish Hesh may Ik* eaten raw or it may be inadequateh 
heated by being placed on a steaming pot of rice. On the other Iiand, the 
epicures acknowledge their fondness for frankly raw fish flesh, seasoned 
witli conditnents. hurthermorc, infection may also result from shipment 
of (Iried or partially processed fisli from tlic ciulemie areas to distant coun- 
tries. 


Genus Pseud-uipiustomum Lueue, 1908 
(genus from false, douhle, and ffrona, mouth) 

Pseudamphistomum truncatum (Rudolplii, 1S19) Luehe, 1908. 

This fluke, ^\hich may possibly be a parasite of mati iii Siberia, has been 
rc])orted from the biliary passages of the .seal, cat, dog, fo.\ and wolverene 
((luh horcalh). It is recognizes! by the seiuarisli p‘«cueio-suckcr-like poste- 
rior end of its body and, like other adult members of the subfamily Meter- 
chiinas, by the possession of a spinosc integument. The egg, measuring 29 
l)y 11 n, can liardly be differentiated from tliat of Ojmfhorclns felineus. 

While the life liistory of this species is xinknown, II. Tanabc (1921) has 
found that infection witli another species {Metorchis orientaUs) of the same 
subfamily is contracted from eating the fish P#erf(fyrns6orfl parw. 


Pathogenesis, Pathology and Symptomatology of Infections ^th Species of 
the Family Opisthorchiidae.— OpAtMorc/tw feUnena, 0. viremni, 0. noterca 
and Chnorchis aiiictisis, which are all similar, In possessing flattened, 
transparent, ellipsoidal IkkIics with very poorly developed Jiuisculature, 
live typically in the distal capillaries of tlic biliary passages. They are 
more commonly present in the left liver lobe than in the right lobe, due to 
the fact that the patli of migration into tlic former region is more direct 
tlian into the latter. Here tliese flukes may live for a period of five to 
twentj’ or more years. Except in very hca\y infections the main 
of the liver tissue is relatively little modified. The changes induced bj t e 
parasites are essentially those recognized by Brumpt (1936) for Fascioa 
Iiepafica namely, (1) destructive action, (2) mechanical effect, (!i) irrita ue 


action and (4) toxemia, , . , .. 

The (Ic.itnictirc actio7i consists in desquamation of the biliary epit e i 
and the ingestion by the fluke of blood cells. Such c.ases ^ 

appear to have only slight effect on tlie general condition of the hos . 
blocking of biliary passages (viechanical tffect), resulting m biiiarj s ^ 
relatively uncommon and seldom results in generalized i^erus. in ® . 

of several hundred animals experimentally infected with Clonorc^ ^ , 

by the present author only three (two cats and one flukes 

evidences of jaundice, llie irritatire action produced by les 
consists of marked proliferation of the biliary epithelium, w itn crj-p 
tion and multiple production of new biliary capillaries; of 

tive tissue hyperplasia; and fibrous tissue formation aroun g ‘ 
eggs.” There is, however, no true giant-cell tubercle around these egj. 
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iiH dipre IS Ml fjchistosoiniasis. Tlicre appeiirs to be ho iimded (interalizei! 
/o.mH}fi as in sheep liver fluke infection. Nevertheless, the changes in the 
walls of the biliary ducts occur in areas which worms are too laree to 
readi so that the determining factor in such instances ma\ be the tosh- 
secretions of the flukes. While haclerial tnnixion ina.\ play a second.ir\ 
role in ulcerative processes developed in opisthorchid- or clonorchid- 
mfeetions, the classical picture has been shown to be produced bv these 
nuke.s m bacteria-frce biliary p.assages. In heavy infections the pancreatic 
{luct, as well as the biliary tract, is at times involved. 

The lesions in animals infected wiih Clonorchis, species of Opbthorchix, 
etc. are referable to three progressK e stages. The lesions of the first degree 
consist primarily of proliferation of the biliary-tract epithelium, extensive 
intoltration of wandering cells and leukocj-tes around the portal spaces and 
interlobularly along the vessels, and the gradual thickening of the walls 
of the bihary passages through connective-tissue proliferation (Fig. 107 .1) 
In those of the second degree the wiills become greatly thickened and the 
In er parenchyma of adjacent zones is involved, due to the pressure of the 
growing connective tissue (Fig. 107/0- In the lesions of the thirdKlegrec. 
cirrhosis of the liver cells and destruction of the p.irenclnma are ouite 
complete (Fig. 107 C) r . i 

Cases of human infection with only a few worms probably never go 
beyond the first stage. In moderately infected persons (several dozen to 
hundreds of worms) the second type may be attained. In a stud.v of 00 
postmortem cases in China, IIoeppH (1033) found evidence ot considerable 
histopathology. Only in endemic areas of severe infection, where there is 
opportunity for continuous reinfection, is the advanced stage likely to be 
attained. Regions where such a degree of infection for clonorchiasis 
occurs are the Oka> ama district in Japan, certain local areas in Kw nngtung 
1 rovince, China, and the Tonkin delta, French Indo-Cliina. For infection 
With pinsthorchix fclinetis such districts are found in Fast Prussia and in 
the Vicinity of Tomsk, Siberia, 'llie data on the incidence of 0. rirerrini 
and of 0. nnirrca are too inadequate to determine the severity of infection. 

^"ouye (1903), who studied the symptomatology of Clonorchis cases in 
the Okayama endemic area, Japan, recognized (1) a mild tjpe, without 
appreciable symptoms (correlated with the first-degree changes of the 
liver); (2) a secondary stage, attended by diarrhea, edema, and h\per- 
rophy of the liver (corresponding to second-degree lesions of the Iner); 
and (3) a severe type, ith symptoms of the secondary stage, but aggra- 
by involvement of the hep.atic portal circulation (due to liepatic 
cirrhosis). The common symptoms consist of irregularity of appetite, with 
a feeling of fullness and pressure after meals, ami diarrhea. There is no 
’Significant modification of the bloml picture, except at times there may he 
an appreciaiile eosinopliilia (3 to 47 per cent recorded in iincomplicatwl 
cases). In light infections Chen and Faust (1949) have at times fotiml a 
jnoclerate loss in weight and some impairment in li\er function as iiulic.itcd 
hy the cephalin flocculation test. Experimentally there is exidenee of 
i>pcrplasia of the bone-marrow, both with respect to the eosinophils and 
the reticulo-endothclial sxstem. Mild cases usually go unnotiwl unless 
^ lagnosed liy the finding of the eggs in the stool. The more advancctl 
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cases must be differentiated from raalignancies of the liver, liydatid cyst, 
beriberi, and from the usual tj'pes of hepatic cirrliosis. 

Otto (1935) is convinced that tlie occlusion of the larger bile ducts by 
masses of eggs and by tissue proliferation constitutes a serious pathological 
entity, producing a chronic catarrhal cholangiitis, which becomes more 
pronounced as the bile becomes more viscid. He also suggests that the 
detoxifying properties of the liver may be seriously impaired, and systemic 
toxemia may result, as indicated by eanliovascular symptoms, including 
palpitation of the heart and tachycardia, vertigo, tremors, tetanic cramps 
and mental depression. 

Diagnosis.— This is based on the finding of eggs (Figs. 96, 101) of these 
flukes in the stool. Probably the most efficient method for concentration 
of these eggs is the HCl-N’asSOi-Triton-Ether technic, recommended b^ 
Faust, Ingalls and See (1946) for recovery of Schistosoma japonicitm eggs, 
from the stool and tested for eggs of Clonorchis sinensis by Chen and Faust 
(1949). (See Section VII, under “Concentration Methods— Acid-Ether 
Technics.” At times it may be desirable to obtain eggs for determinative 
diagnosis by biliary drainage. Tlie eggs require to be differentiated from 
those of heterophyid flukes. 

Therapeusis.— Sodium antimony tartrate, administered intra\cnous>ly, is 
helpful in reducing the number of worms in the biliary passages (Shattuck, 
1924). Kagy and Heaver (unpublished study) were not able to produce 
complete eradication of Chnorchts in a light chronic clinical infection 
use of potassium antimony tartrate, although they temporarily reduced 
the egg output to 2 ero. Erhardt (1932) obtained e.xcellent results in 
Opisthorchis felintus infection in cats by administering fuadin (nooanti- 
mosan) intramuscularlv (0.4 cc. per kilogram of body neight) Chen and 
Faust (1949) employed fuadin on two mild clinical infections and pro% ided 
evidence of a sustained reduction in egg output to a small fraction of the 
pre-treatment number. Clinical improvement was noted, \\itJi gam iii 
"eight and reduced cephalin flocculation reaction. After a third course of 
treatment with this drug the stools became free of eggs and remained so 
diwing follow-examinations for a period of months, but later vere found 
to have a reactivated egg production. The penta- and lic.x.ymeni;vJ 
fosanilins (gentian violet, crj’stal violet and methyl violet), administered 
oralJ * ' ' ’ • . 

per t 
intrj’ 


Hate or every third dav, until a total of not more than 0 grams ol tne o\ e 
lias been given, uill ki'U all of the worms uhieli can be reached by the d.ve 
in lielniinthicidal amounts In early cases tins may result m complete 
cure, in chronic ease.s the numimr of norms may be reduced from one- half 
to nine-tenths (Faust and Yao, 192(1; Kan.si, 1937) Otto and rschan 
Tsching (1033) have reported moderately successful results m trc.ifms 
clonorcliiasis nith cold salts bv the Intrasciiolis route, llic amount of 
raluction in epc-protluctlon as an index of tlic miinher of norms Present, 
■nay be determincti by the IICI-NacSO,-Tr,to,.- I-dher Coiwcn 

Technic. Sre Section VII, "ConecntratlooMetliods-Aeidl'.tlierTctl ms ) 

Prognosia.-In liclit infections clinical symptoms are fre,|nentl, eshf, o 
I'le. In heavier infections there is pmbahly consideralile loss of , italit.s 
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possibly a loweriiiK of tlie l)0(iily resistance to otlier diseases, but such cases 
almost never die of fluke infection. Heavily infected patients develop 
irreparable loss of active liver tissues and in such cases death is ultimatolv 
due to the jiara.sites. 

Control. -These infections may l>c prevented hy the thorough cooking of 
all fresh-water fisli intended for consumption. Iii Soutli Ciiina and French 
Ind()-( hina, where fishe.s are killet) in the presence of the fenster and the 
flesh is tlien eaten raw after seasoning witli condiments, educational efforts 
sliould he effeetive in riHlucing exposure to infection. In endemic areas the 
addition of aniinonium sulfate to fresh night-soil is recommendwl as a 
sterilizing agent. 


J'fmjhf JIJCTEnOPlirjD/l-: (hlh»tr, lOL'i 


'J'liis family consists of very Miiafl tremat/xles, oval, pyriform or eJongafr- 
oval in contour, with the integument thickly beset ^^ith inlmite scale-Iikc 
spines, 'i’lie worms have wcIWevelojxyl oral and ventral suckers, while 
tile genital pore, which is sitiiatcsl near the ventral sucker, is typical^ 
provided with a genital sucker (the gonolyf), which may be fused with the 
ventral sucker, ’riie adult worms all Ji\-e in the small intestine of their 
host, which is a fi'-h-eating bird or mammal. The small, operculatc eggs 
contain hilateraliy symmetrical mimchlia, wlueli are fully mature wlien 
laid. Species of ^U‘lanii<l^c and Ilithyniidfc, ami possibly other molluscs, 
are utilized as first intorinediate hosts, aiul fre&h-w-ater fishes as secoml 
intcrmwliate llo^ts. The ccrcariru arc plourolnphocercims, “cyc-spotted 
organiHins, wliicfi arc <!lstinguislie<l with diniculty from tho?e of the 
Opisthorchiidae. Infection of the <lcfiiutivc host results from consumption of 
infected raw fish. 

Tlic llamo-ecll formula: of memhers «f the family Heterophjid® not 
consistent with one another: Ilrtrrophi/e-f, 21(3 + 3) + (3 + 3))j 
rrjffujtmul ('aciucfilti, 2[(2 d* 2) + (2 + 2)];Cr!/ptocot!/lc, 2[(>i + t + 0 
+ (7 -f 7 + 7)1; /fo.wico/rrmn, 2((2 + 3) -f (3 + 2 + 3)). An ade- 
quate explanation for this extrption to the generjil rule has not been 
offered. However. Hopkins (1041) states that “if genera which had been 
placed in the s.anie family were found to have widely different name te 
formuhv, it would cxTtainly cast (loiibt on the closeness of their relations up. 
especially if the difTerence were found in the cercarL'e ns well as m t le at w 
stages.” 

Gknu-s IlCTEKoniycs Coiujold, ISOb 


(genus from tupot, different, and fj>vV’ shape) 
Heterophyes heterophyes (v. Sicbold, 1S52) Stiles and Ha'-'-aH, IflO 

h,,., V SiPlioW. 1852; D. 


(von Sichold’s fluke,) 


■ ^ s 

RaiUiet, 1890; Ccruogonimus heterophyes Looss, 1899; oofi/iuyu”-'*"- 
Lulic, 1899; Ilelcrophtjes nocens Onji and Nislno. 101.>- ■ . 

Historical and Geographical Data.— This minute, t-nown th’s- 

found ill natural infections of the cat, dog, f«x and man. 
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tribution includes Kgypt and the subtropical moist belt of the Far East 
(i. e., Japan, Southern Korea, Central and South China and Formo«!a) 
The worm was discovered by Bilharz from an autopsy in Cairo in 1851 and 
is now known to be a common parasite of man in the Xile delta, where 
hundreds of the flukes may be attached to the intestinal mucosa of the 
human host 


Structure and Life Cycle.— //rfero- 
phyesheterophjes (Fig. 108) is an elon- 
gated, pyriform worm, with a broadly 
rounded posterior and a more pointed 
anterior end. It measures 1 to 1.7 min. 
in length by 0 3 to 0 4 mm in breadth 
The integumentary scales which cover 
the body are relatively narrow and 
close to one another; they are more 
muncTous at tlie anterior end than to- 
wards the posterior part of the body. 
The acetabulum is a very muscular, 
thick-wallcd organ, situateii at the 
lieginniiig of the equatorial third of 
the body. It measures 230 /t in dia- 
meter. The genital sucker, which lies 
adjacent to tiie left posterior aspect 
of tile acetabulum, has an average di- 
ameter of 150 u. Some 0(1 to 90 chitin- 
ous podicts are set into the genital 
sucker (Fig. lOS). 

The oral sucker is much smaller, u\ - 
oMglngaboutOO^in diameter. Itleads 
into a capillary prep!iaryn.ic, followed 
hy a minute bulbous pharjnx, then a 
c.apillary esophagus, which soon bifur- 
cates to form the intestinal cecM, the 
latter gradually separating from one 
another until they reach tlie lateral as- 
pects of the worm, then proceetling pos- 
teriad and finally terminating at the 





I’lo tOS — .\diilt «peeimon of 
Artm»p^V'’». \enlral 
Ticw X 50 C. cccum, cr 6. 
otcrctory bladder, ff, Ronotyl, oo, 
o6iy]M>: 0 *. oral Bucl.er, or. o\ ary . 
«r. -cminal receptacle, «•. seminal 
TCsicle. I. testis, t/l, uterus, 
vttellaria, m. ^ctlt^al sucker 
(Adaptefl from Loob<) o, detail 
of apincB of genital sucker 


rounded posterior part of the body. u • c 

The excretory bladder is an elongate tube which reaches to the region o 
the receptaculiim scininis, where it receives the lateral collecting tu ni es. 
The flame-cell formula is: 2((3 -f- .3) + (3 -F 3)]. • r » f*i„. 

3lie two ovoidal testes arc .sitiiatwl slightly obhqiiel.v, just in fron o 
posterior bend of the intestinal ceca. Tbe vavi cffcrentia arc gn en o _ro 
the anterior end of the testes, procc«Iiiig forwards ami mesad and umtmg 
in front of the ovary to form the vas deferens 'Jbis coinmon tnl.ule son 
(‘"larges into the coiled, retiirt-slmiKsl xesicula scminalis, wlueli fn^ > 
to the right and then leads into the muscular ejacuIator.N ""‘J" 

ascends to the genital atrium within the sticker. It is surrotindod . 
outer end liy prostate glands, (’irnis s.ic am! eirral org.m are hseking. 
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The ovary is a subglobosc organ, lying in tiie inid-Iinc near the anterior 
margin of the posterior third of the body. Its short duct leads posteriad, 
where it is joined by the receptnculum seminis from the lower right aspect 
and by Laurcr’s canal from the lower left. These all lead out through a 
common duct, first antcriad, then, after receiving the common vitelline 
duct, proceeding dextrad over the ovary to the o6ty2)e. There are about 
fourteen large, polygonal, vitelline follicles on either side of the body, of 
which seven are extra«ceca! in positon. The ootype, 
which lies in a tninsverhc position, Is surrounded by 
a minute Mehlis’ gland. The uterus arises from its right 
aspect, coiling intriesitely through the intcrcecal field 
of tlio worm, and finally ascending to the metraterm be- 
side the male opening within the genital pore. 

eggs (I'ig. 109) of Jleicrophyes heterophyes are 
oiKTciilate, ovoidal objects, with a slight suggestion of 
a sliouldcr thickening at the insertion of the opercular 
Fiq 100.— Krr of cap. They are light brown in color and measure 28 

to to 

cula^drawinTof ow 'I'lic life cyclc of lletcTophyes heterophyes has been 
from fccpi kindly elucidated by Klinlll (1923, 1933) in Egypt. Invasion 
Dr c**^lf.^Bariow! (PkoneUttConica) is passive; the intramollus- 

Cfliro, DtoTit X cangcncratlonsconsistof a mothersporocystand aredia 
U20. (Original ) 
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and the cercaria is a lophocercous “ej’e-spotted'* larva. On escaping from 
the snail this larva attacks the mullet, Mvgil cephalus, as well as Tilapia 
niloiica, in which fishes it encysts. The encj'sted metacercaria (Fig. 1 10 A, 
B) is coiled upon itself. When liberated from the cyst capsule (Fig. 110 (7), 
it bears a resemblance to the adult fluke with respect to the shape of its 
body, tl)e scaly integument and the presence of a genital sucker. 

Epidemiology.— Infection of the mammalian host is brought about by 
consumption of the raw flesh of the mullet and other species of fish 
Although the mullet is essentially a fresh-water fish, at the spawning sea- 
son it is caught in salt water. The mullet, as well as a species of Acanfliogo- 
hhis, are responsible for the infection in Japan, where, according to Asada 
(1928), this fluke uses a brackish-water snail, Ceriihidia cingufa alatn 
{Tympanotomis vucroptera), as the first interme<liate host. The cercan.i 
migrates to, and encjsts in, the fish while in salt- or brackish-water. 

Pathogenesis, Pathology and Symptomatology.— Khalil (19-34) states th.tt 
patients harboring pure infections of lleierophycs heterophjes suffer pri- 
marily from colicky pains and diarrhea, usualh have a significant eosino- 
phiiia but no anemia. 

Diagnosis.— Made on finding the characteristic eggs in the patient s feces. 
'I'hese eggs must be differentiated from other beterophjid eggs, as well 
as those of Clonorchia sinensis and species of Optsihorchis. 

Therapeusis,— These worms are readily evacuated by administration of 
carbon tetrachloride, tetrachlorethylenc, oil of chenopodium, etc.^ (For 
methods of administration, contraindic.atlons, etc., see Chapter XXXM, 
pp. 041-661.) 

Prognosis,— Usually good. ^ ^ * i 

Control— In Egypt the water containing infected fishes is pmiuted 
by the fishermen, who serve as the princip.i! definitive hosts, halted 
mullets are the main source of infection. Thorough heating of this hsli 
before its is consumed would prevent Infection in man. 

Heterophyes katsuradai Ozaki and Asada, 1925. ^ ^ ..t 


Genus METAOoM3ru.w Katsur.^d.\, 1912 
(genus from p«rd, posterior, and yftmm, genitalia) 
Metagonimus yokogawai Katsurada, 1912. (Aokogaw.T s fluke.) 

Synonyms. — Heterophyes yokogawai K»t<5urad», 1912; Loxotrema 
1912, Tocolremn yokogawai Kat<atTada, 1912; -Wo??"*"!."* 

1913; Vokogaua yokogawai Loiper. 1913; Loo%sia romamca Ciurc.'i, . j 

miaCiuteti, miiLoorn-a dobrogtenm Ciatoa, Wlii; Loxotrema 
190S (frralum) of I^iner, 1922. , , v,f..,mrl 3 

Historical and Oeograplucal Data— Metagonimus yokogaaai 
June 30, X912, wa'! first described as Heterophyes yokogawai Kat^uraUa. , 
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1912, antedating the name iorofrcTna ovatum Kobayashi, October 10, 1912. (Loxo- 
tremn preocc. [Loiotrcma Gahb, 18G8 MoUusca].) Metngonimus orolus Yokogana 

1913, although originally intended to designate a different species, is also synonv' 
mous u'ith M. yokogaicai (Kals.). 

Metagonimus yohogaxcai is the common heterophyid fluke of the I'ar Kast 
(Japan, Korea, South Manchuria, Central, West and South China, Formosa 
and Maritime Provinces of the U. S. S. U.), the Northern Provinces of 
Siberia, and the Balkan States. It has also been reported from man in 
Spain (Lopez-Neyra and Pozo, 1932,) First described by Katsurada, from 
material obtained by Yokogawa from man (Formosa, 1911), and from 
experimental infection (1911) of dogs and cats with cysts from infected 
trout {Vlecloglossns oftii'efw), and later by Kobayashi (1912) from Korea, 
and by Ciurea (1915) from Roumania, this species has been referred to 
under a variety of names. According to Yokogawa (1922), the cj^prinoid 
fishes, Odontobiifis dbscurtis and Salmo 
perryi, are also piscine intermediate 
iiosts. Kobayashi (1934) states that 
the cnejsted raetacercan'ie commonly 
reside in the tissue under the scales 
and nithhi the fins, rarely in the mus- 
cles. The adult worm lives attached to 
the intestinal mucosa of man, the do? 
the cat, the pig, the mouse (experi- 
mental) and of the pelican {Pelivamu 
onocTotahis.) 


Fig lU. — Adult specimen of Mtiagom- 
mu» yokOQav.a\, ventral view X e, 
cecum; tx b, excretory bladder. o». oral 
sucker, ov, ovary, sr, seminal receptacle, 
seminal vesicle; t, testw; uf, uterus, vil, 
vitdlana; t«, ventral sucker (Original) 



(raieat. - 

X 1300 (Originai; 


Structure and Lite Cycle.— 'llie mature trematode (I'Jg. ) ^ 
measuring 1 to 2.5 mm. in length by 0.4 to 0.75 mm. in onfpnbrend. 

is pyriform in contour, rounded posteriorly and tapering a c • 

and is provided with a complement of integumentary sea e.-’ j? 

lum, which varies from 66 to 165 /* in length by .^i ,i|;,{jonailj. 

deflected to the right of the mid-line, with its long ^ ^ gjicrl 

The oral sucker measures 48 to 110 in diameter. I 
prepharynx followed by a gloljose phaiynx (29 to M 
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then an esophagus, which gives rise to a pair of intestinai ceca ending in the 
posterior region of the body. 

The excretory bladder is tubuiar, with antero-lateral cornua leading up 
to the proximal ends of the lateral collecting tubules. 

The testes lie somewhat obliquely in the posterior part of the body. 
They are subglobose and are either entire or slightly lobed in outline, ^’asa 
elTerentia, arising from the anterior border of the testes, proceed anterior- 
wards, uniting to form the vas deferens, which expands into the seminal 
vesicle, the latter being someuhat retort-shaped and lying transversely 
from left to right. The vesicula, in turn, leads into the ejaculatory duct, 
«hich is surrounded by prostate glands, and opens, along with the metra- 
term, into the genital atrium. The genital atrium, together with the 
acetabulum, opens into a pit at the anterior border of the latter. The 
whole acctabulo-genital apparatus is provided with a complex muscular 
wall. 

The ovary is a globose body about the size of the testes, situated in the 
mid-plane at the anterior margin of the posterior half of the body. Just 
behind it and. slightlj’ to the left lie the retort-shaped receptaculum seminis 
and Taurer’s canal. The odtype and its enveloping Mehlis’ gland are 
situated to the left of the ovary. The vitellaria are coarse and are arranged 
in a fan-like distribution in the postero-lateral fields. Collecting ducts 
assemble towards a common center just behind the ootype, which they 

‘ ' • I . r. . I single vitelline duct. 

• cecal field and opens 

The eggs (Kig. 112) 
urcs. measuring 20.5 

to 28 M in length by 15.5 to 17 m in transverse diameter. The opercular 
shoulder is inconspicuous These eggs can be difTerentlafed from those of 
IletcTophyes only w Ith the greatest difficulty. When laid they contain fully 
mature miracidia, ;\hich liave a bilaterally symmetrical arrangement of 
their internal organs 

The important first intermediate host of this fluke in Jnp.ui, Korea and 
South China is Melania (Scmisulcosinra) liberlina; in the Yangtze valley, 
Chiiiji, M. (A’.) ebenina; in Korea, M. (5.) exten^a, M. (S.) goUschei ami 
M. (S ) nodiperda var. ipiiiKma, and in 1'ormos.i, M. {Tnrebin) oblirpiegra- 
niwi The molluscan luMs are not reconle<l for the endemic foci in IVIati- 
ehuri.i, the Amur lVi\er and Maritime Provinces of the V. S. S. II., the 
Bar ^ ^ 

(fir 

red 

from the snail (Fig. 114) ha\c an oblong IkkIv, attenuati*d at the anterior 
end. and are provi<le<l with n long. Iop1ioct*rcouH caudal organ ha\ ing dor- 
M>\entral ^h 1 ting^ The body pniper «*over<*d with spines. The acrtalni- 
luin is situated under the exerctory bladder, its inusrnlar eleinent.s being 
jMiorly developnl. In tlie anterior tliinl of the laaly, on the d()r>.d nspeet, 
there is a p.iir of jiiginentisl 'Vcts.sjxits ** In tlie\i<inity of these ‘V.w- 
sjMits” tiiere are aggreg.itioiis of gitideii-lmtwn gr.imiles, wliile i>osteri.id 
from each 'V\ e-spot" there is a stmik of such grnmdes 'I'lie entire siihin- 
tegimieiitarj Ia\ er of the ImhIx is nisit more or less Milfu'csl witii llic'se pig- 
mented gr.imiles, 
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The anterior end of this cerearia, like that of the c-ercaria.- of otlicr 
members of the family Heterophyidse, is provided witli a peculiar nnnaiaeat. 
The oral sucker is anterior in position witli its opcnlnj’ sHphtly ventral, 
Surroundiiif^ the opcnin^l are several circlets of strong hook-shaped spines 
n-hich can be readily distinguished from the smaller integumentary spines. 
Immediately in front of the ora! open- 
ing (rig. 114 A) arc two alternating 
rows of spines. Projecting from the 
oral opening is a scoop-like “ehitinmis 
lip,” witli minute neorllc-like pro- 
cesses on its incomplete dorsal margin. 

Some seven pairs of penetration 
glands occupy the middle of the l>ody. 

Ducts from these glands ascend nn- 
teriad and, after passing through the 
roof of tlic oral sucker, ope;t through 
reinforced capillary tubules anterior 
to it (I'ig. 114 A, ]i). ^Yithin the oral 
sucker is a short prepharynx, a small 



Kl<i in S«‘P»>tnl BriirratKm rnlur «f n 
li«>tcrT)j>li> 1(1 fliiVe (IpxcIojhuK in firnt jtenern- 
t»on roln (Dmwimk liy Yokne-jwii ) 



glolKi'C phiir,Mix and n long *-^»phngui. liil li.!' » 

IHMictnition gl.iiifls- The excretorj' bladder n i-i /,L rtnpt.iiri-' 

p.iir i*f lateral ndlecting tubules and an unpairts! ea 
into it. t , f <tr>f nl^'Ut 

'Hie cvreiiria, on emerging fnmi its niolhwtm f,|j in th'' 

\igor(Hi'>ly tlmiu^lh the water, hut on finding nn fl I 
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vicinity, attacks it and penetrates under the scales and into the flesli, 
utilizing penetration gland secretions to digest the host tissue. The 
common ^ible, fresh-water fishes which are sources of human infection for 
this fluke in Japan are Pkcioglossus aliirelis and Leucisnis liahiensis. On 
entering the fish, if not before, the tail of the cercaria is discarded. Once 
within the flesh of the fish or, at times, c\en under the scales, the larva 
secretes a cystogenous flui<l which “sets” in the form of a more or less 
spherical membrane around it. The presence of the parasite in the host 
tissue also stimulates a hbst-tissue reaction, resulting in the formation of 
the false outer capsule. The encysted larva grows more or less, depending 
on the food supply in the immediate vicinity as well as upon the duration of 
its period of encysted life. 

Epidemiology.— On consumption of the infected raw fish-flesh, man and 
other mammals (or birds) become infected The outer cj'st wall is digested 
away as the food mass passes through the .stomach. The inner membrane 
serves as a safeguard for the parasite until it reaches the duodenum, where 
the membrane is weakened by the intestinal juices and the activated larva 
breaks through the membrane, attache.s itself to the intestinal mucosa and 
develops to adulthood. 

Other Heterophyid Parasites of Man.— Probably all members of the family 
Heterophyidas are potential parasites of the human intestine. In Nature 
and/or by experimental tests the following species ha\ e been reported from 
man: //etcrojiAyrs trencarca Africa and G ‘ 
ce.ttua armatiia (Tanabe, 1922) and C.foi 

.Japan and Formosa rc'-pcctively; Mclm , 

(Formosa) ; llni)forchi^ piimtho (l/joss, 1890) (syn. Monorcliolrenia taihokui 
Xishigori, 1924), the Philippines and Formosa, //. pohogawai (Katsuta, 
1932), the Philippines an<( Forino-^a, II. taichin (Xishigori, 1924), the 
Philippines and Formosa; II micforchta (Katsuta, 1932), Formosa; 
Diorcliiirema ]Meu(iocirraiiini\'"*' ' * ’ 

of Onji and Nishio, 1910 (?)), 

(Katsuta, 1932), Formosa, ' . . 

They all involve species of Melanta (snmi Into) as first intennctliate hosts. 
C. formnsemM utilizes Melatiotdcs tuberciilatn.f var. chineims; II. ptinn'lio, 
Seniiwlcarpirn Uhcrtimi var. hidaichienn in Formosa, II. taichin, TaTcbia 
t)hli<iuegTanovi in the Philippines, ami D. Jormomnum, S. hbcrtina var. 
subphcona as well as T. obUquegranosa in Formosa. Fislies are the usual 
second intermediate hosts Moreover, Chen (1944) has rcporteil natural 
infection of liana limruickarit and Iht/o mclanMliclu.* w ith metacercaria* of 
Ilaplorchis and Centwccsiiis in the vicinity of Hongkong, and Vasqnez- 
Colet (1943) claims to ha\c found joiing shrimp of the gemw PcJiants 
infected with the nietnccreariie of Ilaidorchh yobogaKai. Infection of tlie 
dofiniti\e host is ai-qnircil through consumption of raw infected second 
intermediate host. Alicata (1937; 1919, personal communication) has 
found 1). pieiidocirratiim in native Ilawaiaiis, contracted from eating 
local mullet. 

Pathogenesis, Pathology and Symptomatology of Infections with Species of 
the Family Heterophyidie.— The two species of this famib which ik-cup as 
common parasites of the intestinal tract of man mid r(^er\oir host.s, 



230 IxXTJu^TJXAh, JilLlAltY AKD PUhMOKAltY TREMATODEli 


IJeierophyes heferophjcs nnA Metagonmus yologaicai, as «-elJ as tlie other 
species listed above, which have been occasionally recorded from man, all 
produce essentially similar lesions in the intestinai wall. The flukes decpl\ 
invade the muwus nicmbrane (ITp:. Il/i), wlicre they l>ecome atfaclinl l)\ 
their suckers. At times many eosinophils and leukocytes are seen in the 
mucous ineinbranc, hut no marked pathological change is usually recogniz- 
able. I'lie intestinai cpithelinm may become slightly atrophied and wide 
stretches of solitary intestinal glands are occasionally seen. Some flukes, 
which have invaded the mucous membTanc, again come to lie with their 
heads attached to the surface of tins layer. On the whole, the pathological 
changes due to the presence of these worms In the bowel wall are slight, and 
symptoms due to tlicir presence are usually negligible. In cases of heavy 
infection, mild tligo.stive disturbances may result and even severe, per- 
sistent diarrhea may develop if extensive stretches of the mucosa are 
involved. Alicata and Schattenbiirg (J93S) have attributed a severe 
diarrhea in a Japanese patient in Hawaii to a heavy infection with SteUanI’ 
cliaamu.9 Jaicnius, acquired from eating raw mullets. 

In tlm riiilippines, wJjcrc Africa ami his associates (1933, 1930, 1937) 
have made a careful study of hctcrophyid infections in man (species of 


ric 
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lldewithyes, llaphrchU, BiortrJiitmita, etc.), 

discovered, so that these workers designate the !• throu^'h the 

pathoKenic.” At times the egga, laid by ti,e 

intestinal wall into the lymphatics and |^[(|„(( vessels 

into the general circulation. Tlicy may be filtered ““t ^ted by 
of the myocardium or in the valves, where tehular syndrome 

their presence results in cardiac failure, aith a spinal conf 

superficially resembling beriberi. Or they may be earned to 
and brain, where they set up grave pathological p ^^.^as, Jlana- 

of function of the motor and neurons of the I,eterop!i.vid 

lang (personal communication, So/strate the causal 

eggs in ectopic foci but states he has bOT un.able to demonstr, 

relationship of the eggs to the disea^ l.etcronhvid flukes upon 

Fanst and Xishigori (1 925) have shown that the hetcrop. . 
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excystincnt in experimental dogs first beeoiue attached to the intestinal 
mucosa in the region of the jejunum, where they grow to adulthood. In 
the course of time, as they release their hold on the mucosa, they become 
gradually extruded into the lumen of the intestine, along with mucus and 
other exudates, usually securing a hold farther down In this wa\ they 
become attached farther and farther distad, eventually reaching a location 
where residence is no longer tenable, whereupon they are evacuated in the 
feces. Thus spontaneous expulsion eventually results, so that the body is 
free from these flukes, provide<l reinfection does not occur. On the other 
hand, Africa (19.'i7) states that evidence is accumulating, favoring the view 
that worms, which actually invade the intestinal mucosa and mature there, 
remain in these sites until they die Moreover, “the very mild tissue reac- 
tion observed around the worms in the intestinal wall and the general 
absence of attempts to encapsulate the parasite by fibrosis may account 
for the filtration of eggs into the general circulation observed in human 
cases.” 

These parasites are relatively common m the human population in 
KgJ pt ( Ileierophyes heterophyes) and in parts of the Far East (Metagonimus 
et ah). 

Diagnosis.— This is made upon finding the eggs of these flukes in the 


to a champagne hue. 

They vary insizefrom20to35>imlen^hby 11 to 20 in width, depend- 
ing on the species. Each egg has within its shell a bilaterally symmetrical 
larva, well developed at the time the egg is laid. Tlie eggs of these flukes 
are frequently confused with those of Chnorchis sinensis (27 to 30 by 
15 to 17 n) and OpMkorckis felineus (30 by 11 ft), the two latter, however, 

the internal organs of the larva. 

. • ood evidence tliat in the course 

of : ^ c spontaneously evacuated from 

' ' ,1 ‘ ’ . — - of the cgg.s into 

tissues of the heart and 
of treating all infected 

persons as soon ns they are diagnosed. Carbon tctracliloridc, tetra- 
clilorethylenc, or any anthelmintic satisfactorj' for the removal of hook- 
worms, or the ' ' ' ‘ 

recommended ■ ■ 

Prognosis — ■ 

been depositwl in the heart tissues or central nervous system. 

Control.— Infection in man may l)C preventer! by thoroughh cooking all 
fresli-watcr and salt-water fish to lie consumer!. 

SupEtjFuriLV TnooLOTKtvtTOiPEi Kti-.sT, 1929, Ev^x^•D, 1930 
This superfamilv contains only mcmliers of the famllr Troglotreraatld*. 
Type famihj TJlOGWTItEMJTID.liOdhnrr, 101/, 

This famil\ compri'cs a fe\' spr'ciesof distomrs of which the relationship 
to otlicr groiijis is relatively remote. Tlie flukes are small to iiKKleralr*- 
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sized trematodes, ovate in contour, nearly circular in cross-section, ^^ith 
poorly developed musculature and well-developed genital organs. The 
only members of the family parasitic in man are Trogloirema salmincoh and 
Faragommm u'esiermani. 


Genus Troclotrema Odiiner, 1914 
(genus from rfarf\ri, sunken, and rpu/ia, orifice) 
Troglotrema salmincola (Chapin, 192G) Witenberg, 1932. 

Synonyms. — Nanophyes salmincola Chapin, 192G; Nanophyetiis salmincola 
Chapin m Hall, 1927; N anophyetus schikhobalowi Skr]Qhm and Podjapolskaja, 1931. 

This is the trematode associated with “salmon-poisoning" of dogs on the Pacific 
Coast of North America. It has been recorded from the coyote (Cams lestes), the 
fox, the mink, the raccoon {Procyon psora pattjica), the lynx (Lynx fasdatus fa- 
sciaius) and from aborigines in Eastern Siberia. 

The worms (Fig. 116), which per se are apparently relatively nonpathogenic, arc 
small, pyriform objects, somewhat flatten^ dorsoventrally, measuring 0 8 to 1.1 

§ mm in length by 0.3 to 0 5 mm in breadth. The oral 
sucker measuresO 15 to 0.18 mm. indiameter, while the 
ventral sucker, situated near the midvcntral position, i« 
0.12 to 0.13 mm. in diameter. Within the oral sucker, 
a pharynx (CO u In length) leads into an esophagus of 
equal length. The distended ceca extend posteriad to 
approximately the middle plane of the testes. 

to the left of the rounded ovary, ^lere^is a 

vitellaria are’ composed of numerous discrete lolltcles, 
extending dorsally from the plane of the esophagus to 
the posterior end of the worm The genital sinus lies 
Fig. IIG.— Adult epeci- just posterior to the ventral sucker The eggs, w nidi 
men of Trofflotrema j numbers m the utcrus, are broacl- 

eola, ventral view X 160. , ^ , i nrf» relatively thick- 

(AK.r Witenberg, Jour. ly ovoidal, operculate objects, ore rcloiire , 

Parasitol., courtesy of Am. shelled, yellowish in color, and mea'siirc liU 
Soc Parasitol ) 34 to 50 /i* 

The appropriate molluscan hosts in Oregon and ehsewhere in ^ 

west of the United Slntes are Galba pUeftra plldScra and 

cercaria, winch deveiops in a redia, measures car.® become 

)Ut, mien eaten 
finitivehost 
IS (Simm'i, 1932), 

.li containing the 
iccnt produces a 

encysted melaeercaritc. In dogs, royn'K 'U u'-n ™riod of six to ten da,-", 

seyere, frequently fatal jnfectron. There is of appetite, me m 

followed by a sudden onset of symptoms, a purulent discharfe 

temperature and marked depression of the sensorium, mere is j 



PARAGONIAWS WnSTEItMAA'I 


233 


from the eyes, with edema. From the fourth day voniitms is practically uncon- 
trolled, especially after drinking water. The stool becomes dysenteric Meanw liilc 
the temperature drojis to norma! or subnormal In the latter ca'-e death frequently 
ensues. Thus far this disea'^ syndrome has not been recorded from man 
If the disease is diagnosed at its onset, the oral administration of apomorphmo 
(2 to G mgs.) ithin the first three hours will protect the infected animal For the 
fluke infection m man Strom (1935) states tliat fihx-mni i$ an efficient anthelmintic 


Gento P.\iuooNiMus Bbkun, 1890 
(genus from vapa, sSde-hy-side, anti ybvtuo%, gonads) 

Paragonimus westermani (Kerbert, 1878) Braun, 1899 (The Oriental 
lung fluke, causing paragonimiasis, pulmonary distomiasis or endemic 
hemoptysis.) 

Synonyms. — 7)islo»ia u'cs/ermom Kerbert, 1878, D Cobbold, 1880; D- 

pulmomm Baclz, 1880; D. pulmonis Kiyoma, 1881, D. fusca Baelz, 1881; D pul- 
monale Baelz, 18S3; Z). 6aclzi Cobbold, 1884; D veslermani Leuckart, 1889, D 
cerebrale Yamagiwa, 1890; Mesogonimus tccslermamt Bailliet, 1890, Fohjsarcus 
u'eiiermannU Luhe, 1899; Paragonimus compactus (Cobbold, 1859); F cduardsi 
Gulate, 1920 (?); P. cktrai Miyazaki, 1939 (?) 

Historical Data.— Furojonimus ti'esfcrmam, the Oriental lung fluke, was dis- 
covered by Kerbert in 1878 in the lungs of two Bengal tigers which had died m the 
Hamburg and Amsterdam zoological gardens In 1879 a Portuguese resident of 
Formosa died of rupture of an aortic aneurj'sm and, on autopsy by Ringer, was 
found to have m his lungs a parasite, which was forwarded to ^innson in Amoy and 
recognized by Jiim asa di.stomate fluke A year later Man^on found large operculate 
eggs in the rusty, blood-flecked sputum of a Chinese patient who had lived in 
N'orthem Formosa Finding t!iese eggs to be similar to those expressed from 
Ringer’s fluke, he sent the material to Cobbold, w ho pronounced it n new trematode 
and named it Distoma nngcri (1880) Meanwhile, Baelz (1880) had found trema- 
tode eggs in tlie sputum of liemopty.sic patients m Japan, and in 1883 reco\erod the 


and fresli-watcr crustaceans, has l)ccn elucidated by Nakagawa, Miyairi, Vo«Jiidn, 
Ando, Yokogawa and Kobayaslii for Japanese territory, and more recently bj 
Vogel, Wu and Watt (1935), and Clien (19.37) for Chinese endemic areas 
In 1940 Chen created a new species, P. tloKlsuenensts, for the lung fluke he had 
rcco\ered from the brown rat {Ratlus raltus caracao) and the black rat (R raltus 
Jl'^vtpcclus) of the Canton area, China Previously (1935-1937) he had regarded 
this parasite as P. u'eslcrmani Tang (1940) has found this rodent lung fluke in 
Fukien Province, China. _ ^ ^ , 

su. 

An 

Ot! ' ■ • S'.- .1 „ \1„1,V 

.Str • • 

P.S, 

Ol 

Vucatan and other states of Mexico Iiavealsolieen rei»ort«l, apparently crroneoii-ii , 
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fis linvlnj; mitochtlioiuuiH ca<«tN. Mcini, Oirrra and Mcln Albuqnertjijc (19«) |,atp 
providod convinciUK pvidonce tliat no indigenoin ca>.es of paraponimiash have been 
OJ'^ovrmJ m lirfisiJ fl/id that tpxtlfook rcfercncos to ifs pre«encp in the State of 
Matto CJrow) have |H*ri)otnat(Hl nn error oriffinatitig with Diodns (1850). 

Stoll (ltM7) Ims p-litiiatod that Uip World iiicidonct' of Iniman )) 3 rac<>nimia''i'‘ i' 
y.2 ftiillionx, nlmovt c.spIuvi\oly in tin? ca<«tcni part of A'-ia and adjacent Ldand-. 

Ward and llin-ch (1915), Vovorn (1925) atid Kliaw (1950) have favored the view 
that PfirnooniMua uea/ertnam (Kerliert, 1878) and rfriffcri (Cohlmld, 18S0) are 
distinct specie*?. Their conduMon'* ore hasetl partly on difTcrenre^ in Dje intcpjmen- 
tary sfjiftc-fntid in tlie •■haiwof fliceKjr<, and iwrtly on the Rroiind’'th3t human cage's 
arc rare in llcnRal and other {mt^of India, where the hinfi fluke is commonlv found 
in mcmherH of tlic cat family. Ktinne Wn (1958) .states that "the cuticular spines 
of the hitiR fluke afford i)oor criteria for distinpiiishinR the species.” TIius far 
reciprocal life Idstorj' te<-ts have not been reported. 



J'lo 1 17. — A<lutt I'jK'Cjmcu of /'ora* 
conirnut wfalrrmufti, \cnlrat 'irw. 
X 5. er L. cscrctory t»bd«lcr; (fp. 
fronitnt porc,o». omt Htifkcr;or,o%«r>I 
t, testis, fit, uterus, fit, Mtcllona: r#. 
veiitrnl sucker (Orijonst ndaptn- 
tion from Lcucknrt, I’arasilcn den 
Mcnsclion ) 


Stnictwe and UfeCycIe,— 
iee.-i/er«mni 117) is a plump, ovate 
fluke, abruptly roimdct! anteriorly and 
aliRhtly more tapering: [)ostcriorly, ineas- 
iirinp 7.0 to 12 inin. in Ieti):th hy 4 to f» 
imn. in l)ren(Itli by 3.o to 5 nun. in thick- 
ness. Worms, freshly obtained, are red- 
tlish-ltrown; pri'scrvctl specimens arc 
pnty. '1‘Iie internment is provided with 
H’jtio-like s))iiie.s, arranped in groups en* 
circlinp the w orin. Tlicsc spines may be 
entire or toothed, ^jlie acetabulum, 


* The oral sueker, witli a diameter ol 
0.75mm., issubterminal. It lead through 
a short prephar.'nv into a globose pha^ 
yii.x (Odt mm. in trans-section), followed 
i)y a short esophagus, which bifurcates 
to form the somewhat meandering ceca, 
the latter e.Ntcnding to the subcaudal 


n.*poii of the body. , , , • r ^ 

The excretory jHire h sliphtly vfJitral in position. The b at < er is ^ 
convoluted pouch, reaching from the posterior j,),>p}er 

plane of the pharynx. The lateral collecting tubules ,arise roi ‘ 

somewhat hchitui the o^-.nry, proceed lateral! and branch ‘ . 
posterior stems, each with numerous secondary and ter iar> r 
The testes, wliieh are irrccularly lobed organs, are si n* , ^ 



there arises a vas eiTorens. Tlie two vnsa nm an ‘ ‘-g ^ bro.'id 

vicinity of the odtype unite into the vas deferens. . veg-icula 

tube lying obliquely in a doreo-mitral position; it *1“" prostatica. 

seminalis. At its outer extremity it Uuct approaches the 

followed bj' the ejaculatory duct. As the ejacuh . through a common 
ventral surface, it unites with tl»c metraterm. to emptj throug 
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tubule into the genital atrium. A cirrus pouch is lacking The cenital 
pore lies behind the acetabulum and slightly to the right of the mid-line. 

1 he ovap- IS a iohed organ, slightly larger than the testes, and is situated 
behind and somewhat to the left of the aeetahiihim (i. e , to the ohserver's 
right) I'roin its posterior aspect there arises an oviduct, uhicli nroceeds 
dorsad and enters theof Mehlis’ gland complex. En route the oviduct is 
joined with an out-pocketing, consisting of a small receptaculum seminis 
^\ith its delicate convoluted tubule (Laurer’s canal), whicli opens on the 


ui Liie pnarynx to the posterior end of the worm On piercing aAIehlis’ 
gland the common female duet becomes transformed into the ootvpe, 



Fit! 118 — -Pholoniicrograplii of crks of P tpf$lrrmant A pcb discharitMi in Bpulum, 
X f>G6, B, miracidiuni hatchmK from crk. X 5S0 (X ofl^r Fau^t, in ISrciniiCfinann's I’racticp 
I’odintrica, courteny of W V Prior Gompiny oncinal photoeraph rourte^y of O K 
Khaw ) • 


I'hich has a general dorsoventral position 'llie uterus arises from the 
ventral end of the ootype, proceeils across to the right side of the ho<l\ ai»I 
in the region posteriMlextral to the acctabuliiin is knotted into several coils, 
finally emerging on the inner side as the metniterm and uniting with the 
Pj'aculatory duct to enter the genital atrium. 

The eggs of Paragotiimus (Fig. 118) are broadly ovoidal objects with a 
distinct operculum at one end inserted into u slightly thickentsi collar 
•■‘‘gion, and with a thickening of the shell at the nbopercular end. Tliey are 
golden-brown In color and measure from 80 to 118 in length In -IS to Of) fi 
in cross-section The maximal nidth is nearer the operculum than the 
I'nuator of the egg. The freshly laid egg is immature and contains an 
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nbunilancc of licavy yolk coils, 'llic crks are voided into tlie cystic jMckets 
around tlic worms, and on ru|)tiirc of these pockets, or thronjt'h tlic erwied 
l)roncluoIar connections within the cyst, the egtts escape. Tlicy are most 
cornmoidy recovered from the spiitiiiii, whicli lias a characteristic rusty- 
hrown tinjtc when they arc present. In ahoiit -10 per cent of the cases they 
arc also found in the feces. The eggs require from sixteen days to severiil 
weeks for complete devclojnuent, wlierciipon they Imtch and the iniracidi.i, 
escapiiiB into the water, swim about in a vigorous fashion. Watamibc 
(19.'!.")) states that the cpithelimn of the larva consists of 17 cells, arranged 
in four roiv.s. The miraeidiutn has an apical cone, a pair of .sense organs, a 




Tin 110 — Mrlania {Srtm$uleospira) 

gontmng vrslfrmnni m tlip I'nr lyS-M. N ,t 

I'lo 120 — Sownd genorntjon m!».i o • 

X 07. (Ailaptcd from Tang, Chin^ M«<i. jyui . aw isn hiortnfr 

1 la 121 — Ccrcaria of from Fukion IVoAincd. China, ffe. etc J? 
cf, cxcretorj' tulmlo, o», oral nueker. p. genital primordia: Pfff. ' ' 

ventral sucker. X 300. (Adapted frwm Tang. Chines Med Jour. 1310 1 

pair of flamo-cells and convoliiliHl excretory tubules. 
lacking. Upon coming in contact with the appropriate Ya) 

cidia attack and penetrate its soft tissues. Mehnin ( , gj.gt 

liberiina (Fig. 119) is the most widely distributed ‘ 

intermediate host (Cliekiang, Fukien, Hunan, Jlupeh an . , ‘ 

inces of China, Korea, Formosa). Tlie following snails e a 
naturally infected: M. (S.) extensa (Japan, Korea); - 'A ^ J/. 

(Japan, Korea); J/. (S.) nodiperda mdv^T.qmmna, (S.) 

(S.) libertim var. hidatchiens and M. (S.) innUicincia (Korea). 
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ioucheana (Fukien Province, China); M. {Tarcbia) obliquegranosa (P'or- 
mosa), and Assiviviea hiiea (Canton and possibly Anhwei Province, Cliina). 
The record of Melanoides Uibercuhitis for Formosa is possibly one of mis- 
identificution of the parasite. AmpvUaria luieostovia is said to be 
involved in Venezuela, but this requires verification, since this mollusc is 
only distantly related to the optimum hosts in endemic areas in the Far 
East. According to Tang (liMO) the rodent lung fluke m Fukien Province, 
China utilizes a rissoid snail, Oncomelania nosophora iangi. 

On entering the mollusc the miracidia cast off their ciliated epithelium, 
become transformed into globular or ellipsoidal sporocysts and produce 
the first generation redire. Tiiese redise escape from the mother sporoc\ sts. 
wander farther up the lymph spaces of the mollusc and, after reaching the 
lymph sinuses around the digestive gland, produce a second generation of 
redize (Fig. 120). These, in turn, produce the cercariae. about twenty of 
w hich may be seen at one time in all stages of development. These larvfe 
(Fig. 121) are microcercous forms, with an ellipsoidal body and a short 
knob-like caudal ' ' ’ ' ' ' s, posterior^ 

directed spines ’ 70 to 80 in 

breadth. The ir spines, which 

are seldom seen in pre.served material. The acetabulum is relatively sm^all 
(cfl 30 n in diameter), and the oral sucker disproportionately large (ca 57 
in diameter). Inserted in the dorsal x\all of the oral sucker is a simple 
cone-shaped stjlet. Within the oral opening there is a relatively long, 
delicate prepharyn.x, leading into a small pharj'n't and thence into a rather 
indistinct esophagus. The ceca are rarely distinguishable. The bladder is 
ovoldal to trigonate, has a thick wall and opens subterminally. There are 
two types of penetration glands opening through individual ducts at the 
bides of the stylet. These consist of four pairs of larger, deeply staining, 
lateral glands, and three pairs of somewhat sm.allcr, lightly staining, 

mod" • • — • • • tu.atcd in the middle of 

the led. Several weeks are 

reqL le life cycle. 

On erupting from the molluscan host, the cercariaj of Paragonimm s\\ un 
around in the water and, in the event a crayfish or appropriate crab is m the 
immediate vicinity, swarm around these crustaceans and penetrate their 
soft parts, Vi here they secrete cj’stogcncms fluid and cnej'st. Tlie foll(ming 
species of crustacean hosts have I»cen found naturally infected in the biim- 
Japanese are.is: The crasfislies, Aftaan (Camharoides) jnitnmcu.’i (l-ig. 
122 A) and A. MU',, the'erabs, Eliocheirjapomn,.-,, K. Mim. Potamon 
dehaani (Fig. 122 P), P. rafhhuni (P. obltnqKft of parasitologists), / . 
denticidatii.',, Parathelpliusn swcns,.i. P. {liarythelphum) vmUo (Ltiroii. 
I*. I.. Tiibangui, 1947), Sejiarma dehaam, and S.Mnfut. 
itnrhe! 1ms been incriminate*! in Venezuela The cy,ts (I’lg. 
spherical, pearly-white objects, found in practically all the i'^ft 
criistncean boat, hut can be most readily dctecte*! m the gill hlaments. 
although Vogel. Wu and Watt (1935) have found tliem more ahuiul.'int in 
the im^eles of tlie thoracic legs than in the gills or h\ er . J he\ lie encap'U- 


‘ of /Mrojwnitnu* must not Iw f«*nfu««l will* ollior »l 

•uoiilj (oiiikI in the liver of cr'i''tBC(-in8 


•le'* of riie>sle<l flukes enm 
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Jatcfl ill fin outer host-tissue cm-elope. They are apparently able to int rease 
in size, {lependinp: on tlic abnminncc of food supply with wliicli they are 
surrounded. The definitive host is infected from eating the raw soft 'parts 
of fresh-water crabs or enyfishes infected witli the cysts, and, to a lesser 
extent, perhaps, liy the ingestion in drinking water of cysts that have 
become free from their crustacean host. In the Cliekiang endemic area of 
China tlie living crnlis are placed in rice wine or iirine .solutions along with 
condiments. Later the soft parts are suckcrl out hy the fcaster. .Although 
the crab itself is dead, the encysted inetacercaria! are still viable. 

On entering tlic stomach of the inaniinal, the cyst is digested out of the 
surrounding tissue and the outer (false) tissue capsule is then fligested off. 
Ipon arrival in the duodenum, tJie true ey.st wall is weakened so that the 
metaccrcaria emerges, nhereuiHm, according to the investigations of 
Yokogawa and of Kuang Wu (lOliS), it ptmetrates through the wall of the 
small intestine, tr:i\'er.se.sfl»eaiK/ominaJ«ivitji’, u'licnct* it tnig'rafes iipaaivis 


I k.. ll’2. 



Polaman df/uuiHt NntHr/il mzc (Ongina) pliototfrajihs ) 


throuRh the diaphraR.ii to tlic tlioracic cavity, penetrates through tiie 

pleura into the Jungs and finally nrrii'cs in the bronchioles, uhere it se 
down and becomes pocketcrl off by a cystic capsule resulting rom 
infiltration of host tissue cells. Here the ivorin grows to adulthood. 
Localization of the flukes in the lungs is apparently the mos . 

come of the migration of the inetaccrcariw, although it is no ‘ , • 

obligatory, since the worms are at times found m foci far r^mm ^ ^ 

respiratory tract, such as the various lymph spaces in . . ^ 

ventricles of the brain, the orbit, and imiscles of the erfrci • 
period of migration and development within tlie deniii i%e 
occupies several weeks. .. ,, .• , „i Vortli 

Pa,„g,mimm IrUiralli Wml, 1908 has « < „ 

America. It is most commonly a parasite of the nun (. , cirgm- 
has also heen found in the pig, dog, intiskrat, oppossuu f o distri- 
iima), cat, wild eat, goat, and once ptol»bl.v m „ 5 i„ Jfinnesota, 

butiou includes the following states; Sliclngan, ttisconsm, i 
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Ohio, Indiana. Illinois, loua, Pennsylvania, Virginia, West Virginia, 
Kentucky, Missouri, Mississippi, South Carolina, Georgia and Louisiana 

Cameron La Ru*' ' tAo•7^ 

common in the dog ar ' 

man infection was th 

States for twenty years, during which time his food had been frequentiv 
prepared by Chinese cooks. 

The first intermediate host of 1\ kellicoiti is the snail, Pomatiopiis 
hpularia, in which the sporocyst and two redia generations develop, and 
from which the styletted, microcercous cercariie emerge (Ameel, 1934). 
Spedes of the crayfish genus Cambarvs serve as second intermediate hosts. 
In these crustaceans the metacercariie are encysted in the cardiac region. 
The infected crayfish, uhen consumed without adequate cooking, produces 
infection in the mammal. The lungs are the most common site of infection. 

Epidemiology.— The natural definitive hosts include man, the tiger, cat, 
^\ild cat Jeopard, panther, fo.x, wolf, dog, pig, beaver, wolverine, “pencilled 
cat i!^j/ctereiiics procyomdes), civet cat (Vtrcrncula imlica pallida), the 

crab-eating mongoose {llerpcaks una) and the 

Indian mongoose Qlmgoa inxmgo). Tang (1940) 

found that in Fukien Province, (I!hina the snails 

and crabs infected with the rodent lung fluke fl 

occurred in the slowly moving waters of the flat (j / / || 

vnllojs, whereas the intermediate hosts of P. ire#/- i Nf 

ermani were present typically in the fast-flowing t i' 

mountain streams of the same general localities. ^JJ 

Iluman infection may result from consumption of ” V'oy 

frankly raw crabs or crayfish harboring the en- 

Qsted metaccrmriic of tins fluke, os among the „T SS™.- 

anorigiiies of rormosa. More usuallv, however, mu» utsimnanx from the 

It is occasioned by eating tlie soft parts, includ- J’',*™ 

mg tlie leg muscles, of these crustaceans which Vokocana) 

luave been previously placed in brine, vinegiir or 

wine, wlikli kill and “cook” the crustacean tissues hut do not sterilize the 
cysts. 

Pathogenesis, Pathology and Symptomatology.— PorojoumM.? tcealermnni 
i'’ normally a resident of the lungs. The inetacvrcuria arrives in the intestine 
of the host in t’ ’ ’ ' • • • » > - • ■ 

cral) or crav fisli 
of migration of 


nitcstin.al wall, then traversing the aluloininal cavity, penetrating through 
die diajiliragiii into tlic pleural cu\ ity, entering the lungs and. on arriv ing 
in a bronelnole, settling down ami ilevelopiiig to adulthood. Tins c-om- 
I>li(atet! p.itb taken 1)\ the parasite fnmi the intestine to the pulinonarv 
parenelivnia evpl.iins wli\ there are si> iiianv cu«i<'s in which the \oiing 
"ortiis lieeonie lodged in ectopic fm-i Fre<|uently, jierliaps in the m.ijoritv 
of e.isfs cif e.xperiinental hosts, the p.irasltt's are found in j>.iirs, lint in m.in 
they iisiiallv develop singlv . 

Ihe presence of these flukes in the lungs pit>\«»kes a tissue reaction on 
the p.irt of the host (I’ig 121), tsmsLtingof a leukoe.v tie infiltration imine- 
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diately around the parasite and tlie development of layers of fibrous tissue 
pound tlie latter, thus constituting a thick adventitious eapsule around the 
invader, and more or less effectively excluding the by-products of the latter 
from the body of the host. iTic.se cysts, ivhich may be superficial but are 


I .fi 


Fui 12J.— Section <if Itiiig with /*<ir«i( 7 <»ftiiw«» infection. ulioTVing Icukocjtie infiltration 
fihmui connectikp-tKitio cnc.ip'ulation and ces< of the para.'ite tlirouRhout the sncoii 
(OriRiiint, from etperiniental tnaferial |>re^nle<l to the nuthor by Profwor 8 Yokogawa ) 



■ '• I ■ ' 
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al from a 

no. 125 — Section of abdominal tumor infiltrated with f'aro^ontmun 11,1,- 
preparation by Dr A. I. Ludlow ) 

more commonly formed tliroiighout the deeper is ai* 

us,,all,v the size of a filbert. Bet«;een te capsule 

accumulation of blood-tinged purulent fluid u ith 
which are clusters of the eggs of the parasite. 
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to the peritoneum or pleura, where it may be recognized by the peculiar 
slaty-blue color of the cyst. In the lungs the cystic pockets housing the 
worms, if not actually in the bronchi, are usually connected by channels 
with the respiratory passages and thus discharge their eggs and by-products 
from time to time into the air passages. Likewise, cysts not opening into 
the bronchi, as well as those in other tissues of the body, may work their 
way to a mucous or epithelial surface, such as the intestinal mucosa, biliary 
tract epithelium, pleural or peritoneal surface, or even the skin, in which 
foci they may proceed to ulcerate. 

Mu‘?grave, who made a careful study of paragonimiasis lesions, recog- 
nized four types, namely, (I) the non-siippurative lesion, (2) the tubercle- 
like lesion, (3) the suppurative lesion, and (4) the ulcerative lesion. The 
first t\pe consists in the infiltration of the tissue (Fig. 124) by eggs of the 
fluke, at first provoking no tissue reaction but later producing round-cell 
or connective-tissue infiltration, eventually leading to abscess-formation 
and possibly ulceration. The eggs or parasites on serous surfaces may give 
rise to adhesive infiammation. In most instances the host tissue attempts 
to delimit the process by a fibrous wall, thus producing the typical para- 
gonimiasis lesion, with the parasite and its discharged products in the 
center, surrounded by a thick fibrous wall and superficially an area of 
connective tissue. The abscess may at times form caseous material, with a 
tubercle-like aspect. In the ulcerative t.vpe, healing may be attempted but 
IS only partly successful. The infiltration of the eggs into the tissues 
produces a peppered, rusty-hrowii appearance, whicli is frequently visible 
to the naked eye. 

The paragonimiasis lesions in the lungs consist in generalized or localized 
diffuse cirrhosis, cystic dilatation of the bronchi, pseudo-pneumonia, and 
tuhercle-like abscesses Tiic pulmonary disease Is usually insidious in its 
onset and chronic in its course, but there may be a sudden onset with chills 
ami fever, and fulminating cases with a fatal termination are recorded. 
Typically there is bronchial cough with the discharge of a viscous, fre- 
qiientb hlood-tinged sputum containing flecks of dark golden-brown 
jiarticles, the eggs of the parasite. Occasionally there is profuse hemoptysis 
following paroxj'smal coughing. Due to this characteristic the di'^oase has 
been cxiinmonly designate*! ns “endemic hemoptysis.” The physical signs 
in this tjpe of the disea'^e may suggest bronchopneumonia or pleural 
ofTtiM'on. The alKloininal (yjx?, in which the ie.'JKms may be in the liver, 
splwn, pancreas, intestines, or on the serous la\ ers, usually produces much 
\jiguer symptoms, with dull generalize*! nlKloinin.nI pain, moderate rigidity 
and tenderness *m deep paljution and nt times evidence of an nlxloininnl 
tumor mass. 



ircsl in tlie dermis orsnbfutnnwmstissui*s, they fr*s]uently produce ahscesv 
ing tiiiiior'.. 
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The cerebral type is accompanied by a peculiar variciv ol .Taebsoniaa 
c|)ilepsy, leith eventual symptoms of iicrnipIcKia, inonopIcRia, nplinsia 
ocular dysfunction, or paresis. Brain symptoms in cliildrcn under fifteen 
years of age in endemic foci in Japan liitvc in tlie past been commonly 
diagnosed as infantile paniK'sis, cercliral Iiemorrliage, cnccpliaiitis, or 
meningitis. Many of these casc.s also had pulmonary symptoms, with 
Paragoninivs eggs in the sputum. The brain .synilronic is attriliuted to 
adult or adolcsecnt worms, which had inignited into the organ and become 
encysted. 

h.osinophils nre usually localizeil around the paragonimiasis ahsccssc'?, 
hut, ill case tlie toxic prmhiets of the worm become ahsorhed by the body, 
genenilizcd cosinophilin may result. Under .such conditions, complement- 
fixation is j)ositivc and may lie usc<l for diagnostic i>iirposcs where other 
methods arc not fea.sildc, Jlinnan infection is, for the most part, eoafin«I 
to the Tar Kast, with certain heavy endemic foci in .lapan, Southern Korea, 
Chekiang and Kweichow l^rovinccs (China), and Formosa. 

Diagnosis.— 'J'liis depends on the finding of Parngonhwa eggs in the body 
e.xcrcta or ilischarged from cutaneous lesions. In the pulmonary type, eggs 
can usually he rccovcrcr! from the sputum, which is tinged a nisty-hrown 
by tlicir presence. Likewise, these eggs occur in tlic feces of about 40 per 
cent of patients having only pulmonarj* symi>toms. In the intestinal type 
with iliarrliea, the eggs arc usually <lischnrged directly into the intestinal 
lumen. In otlicr foci of the IkkIv diagnosis of the parasite may require post- 
ponement until biopsy can l>c pcrfonne<I and a section of the tissue ex- 
amined microscopically, Kxtract of Paragotiimva adults in physiological 
salt solution produces a positive complement-fixation reaction with patients 
serum, l>ut no Iicinolytic property of the worm has been (femonstratwi. 
Ando (1921) believes tlint infection confers partial immunity. Clinically 
the pulmonary type needs to he diffcrentiati'tl froin^ hroncliopneumonw, 
tuluTCuIosis, bronchospirochetosis and pleural efi’usion. The intestmal 
type reciuires dilTcrcntiation from the intestinal schistosoniiases. Jbe 
(liffiise abdominal tyqic is perhaps the most difficult to diagnose, 

. ’ >so- 

' . not 

■ . ... . . ing 


jiiilmonary paragonimiasis there arc shadows oi iiuuu.ujw*' . 

concrete (liagnostic evidence of the disease. A history of the patien la 

re.sidcil in endemic areas frequently aids in diagnosis. _ 

Therapeusis.— Cases treated with emetineor tartar emetic are ‘'"’P ‘ ‘ 

relieved of pulmonary symptoms. Yokogawa (1939, 1940) 
and prontosil in to he moderately effectn c in con ^ ^ 

disease. Meira, ■ * ; ' . t 

of 0.5G Gin. of • ’ 

period of fourteen days to a Japanese patient m lir.un , cvmp- 

froin piihnonnry paragonimiasis. T^ey noted an stme . then their 

toms accompanied by the evacuation of ahnornuw ‘ pUnfcal 

complete disappearance from the sputum. The author o s natives of 

usefulness of emetine hydrochloride in the tre.atmen o 
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ilindanao, P. I. treated in an American Amiy Hospital in 1945. In these 
patients the pulmonary lesions had opened into the pleural cavity, with 
eggs of r. westermani in a thick purulent liquid obtained by aspiration. 
Following treatment the eggs disappeared from the aspirate and the efTusion 
then cleared up. ^Vhenever feasible, remoral of the patient from endemic 
areas is recommended. After five or six years such individuals frequently 
recover from clinical symptoms. 

Prognosis.— Fair, except in heavy infections or in individuals where the 
parasite is localized in primarj’ centers such as the brain. Pulmonary 
paragonimiasis associated with tuberculosis of the lungs usually has a poor 
j)rognosis. 

Control. — The disease may be preventc<l by alistinence from eating raw, 
freshly salted, pickled or inadequately cookerl fresh-water crab or crajfish 
meat. Since immersion of the infectefl crustacean host in rice wine or 
strong brine will not kill the cysts of this fluke, it is imperative that the 
crayfish or crab be prepared in a bisque, fried in deep fat, or otherwise 
thoroughly heated, in otsler to gtiarantee safe consumption. 

Sui'KRF.uniiY Hemiuroide.^ F.tusr, 1929, E>fENT). 1939 (Syn. 
HE\riURiDA Doulfus, 1923) 

Tins superfamily contains those sj>ocies of distoinate flukes with a 
Y-shaped excretory bladder, which have cystophorous cerenriw. These 
cercarife gain entrance to a copepod second intermediate host, where they 
live unencysted in the body cavity of that host. The adults are normally 
parasitic In low’cr vertebrates. 

Family ISOPAItORCIIlIDj: Pochc, 102G 
GeXUS, I.SO!‘.\RORCniS SoUTirWELL, 1914 
(genus from Ua, equal, vapa, sWe-by-.skfe, artfl Spxii, testis) 

Isoparorchis hypselobagri (Hiilct, 189$). 

SjMnjjai.—lxplolccUhxm trisimiUlubta Powlhwcll, IDH; Lrploltciihum eurylrt:- 
mum Kobnyaslu, 1021 (7). 

This species of fluke, belonging lo the family JsoPAnoRCinin.c, is a 
common parasite of the air bladder of fishes in India and the Far Fast, 
particularly the catfishes and the cels in Japan and Central China Chand- 
ler has idcntifietl it from the intestine of a liuinan case in Eastern nciigal, 
wliere .sew on specimens of the worm had been cxjwlled after thymol treat- 
ment. There is cvi<leiiw of a second case of luiinan infection with this 
■.pccles from Ilniian Provinc*e, China. In both instances infection was 
probably accidental, brought nlMint, no doubt, through the consumption 
«if raw infcetcHl fishes. In this respect the infection resembles pharyngeal 
faseioliasis. 
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STRUCTURE OP THE ADULT CESTODE 

TfrE cestodes or tapeworms are Platylielminthcs which, with the excep- 
tion of tlie ciliated embryo of the Order P&eudophyllidea, are parasites 
during: their entire Jifc. Their name, derived from the Greek word xtffTot, 
which literally means “girdle” and has more popularly been translated 
‘‘tape,” indicates that they arc elongated ribbon-like organisms. With 
the exception of a few types (as, for e.xample, Cylindrotsmia) they are 
flattened tlorso-vcntrally. They all possess an antero-posterior polarity. 
The region usually considcre<I to l>e the anterior end, technically the scokx, 
and popularly called “the hca<l,” Is provided with structures for attachment 
of the n’firm to the tissites of the host (Fig. 120), If possesses suctorial 
pockets {Txnia, DipyUdiim), or grooves {Diphyllobofkrium), and fre- 
quently has booklets, Crusz (1947) has provided micxocheroical endence 
indicating that the liooklets are not chUlnous in nature but probably consist 
of a sclcroprotein of the keratin tj'pe. The anterior protrusion from the 
more flc&hy part of the scolex, around or on which tlie booklets are arranged, 
is called the rostcUum. Behind the scolcx is the region commonly designated 
ns the “neck.” 

In the primitive group of cestodes, the Cestodaria, the entire region 
posterior to the “neck” consists of a single unit, but in the more fully 
evolved species (the Cestoda, sensn strldo) the segments or proglotfids are, 
with few c.xceptions, multiple (Fig. 127). These proglottids usuallv 
originate from the posterior portion of the neck, which is the region of 
groicih. Although various degrees of maturity follow one another nrf 
seriaiim almost imperceptibly, three distinct stages are recognizable m the 
development of the proglottids. Those immediately behind the region o 
grow'tli arc the imviatiire proglottids, L e., their sexual organs have not je 
become differentiated. Behind this first series is one consisting of wo 
jiToglottids, or those in which the se,xual organs are completely mrm • 
Succeeding this series distallv is a terminal group of grand proglo t s, 
which the egg ■ • 

have more or 

complement of eggs. Tlie entire chain of proglottids, , 

scolex, is called the strohila. In its simplest form, the segment 
has at any one time only one immature, one mature and one 
glottid {Echinococcus granulosus, Fig. 174), In most species, ’ 
there are from a few to many proglottids belonging to each s age. 
and number of these proglottids determines the size ^ 
tapeirorm. I'hus, certain specks are at most only a few mi u ^ 
while others may reach many meters in length. off or 

become gravid and the eggs are ripe, such segments ei ‘ 

disintegrate in situ, thus providing that the clongat ion o le 
continue indefinitely. 

(244) 
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Taj)e\vorms are covered with a cviicvla, which is secreted by the under- 
lying kypodermis Most investigjjtors agree that the epidermis is lost 
during the transformation of the oncosphere into a larva. Internal to the 
hypodermis is a layer of longitudinal vuisclea while the trmmrprfte musclet 
constitute the innermost portion of the external girdle of the^^o^m. Tins is 
succeeded by a meshwork of 'imrcnchyma cells, which contain muscle ele- 
ments but for the most part are undifferentiated and constitute a loose 
matrix for the internal organs (i. c., nerve cords and fibers, excretory 
tubules and genitalia). 



F«o. 120— Anterior ends of human lapc»onn< I, Tsnui taginata; 2. T. tolium; 3, T 
a/rtcann; i, T eonfuta;5,Dipfnilloiiofkriumlalum:(i,D.cordalum:7,D mantom;8,Dtpt/htt\um 
cantnum; 9. ^aUficU'na madagaieanemu; 10. llipnenottpu nana. II, // diminula, 13. Berltellti 
«tu<fert. X 0. (OriBinal ) 



Fio 127 — Ta'nui iagtmila, comiilcte worm, ►liowmc acoler. nerk. inimaliire, m.iture and 
EraMil proKlottid^, *in(lirate'i frrnMil (.eirnienl. '•ith uterine |>attrrn Nntiirnt i>iie (Prom 
Leuekart. I’ara<iieii cln Mrii'chen ) 


The attachinent end of the tapeworm sers'cs only as a holdfast organ 
ami never as a via viedin of nourishment. The lulult organism almost 
always lies in the mid-gut of its host, almost without exception a vertebnite, 
w ith the ststlex of the worm most jiroximnl ami the gravid proglottnls most 
distal in jiosition. In this medium of digested or semi-<ligested food, tlie 
worm has an abundant supply of iiourishinent alwaj s at hand. Tliere are 
no special organs of digestion or alisorption, foot! being taken in tlirongli 
the entire .surface of the Ixxlj and lictng imimsliately transfonmsl into 
parasite tissue or storage pnxiucts. Tliii!?, growth (i. r., pnxiuction of new 
segments) is the imnusliatc result of the ahMiqrtiou of prisligcstctl food 
supplied by the host. 
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Smyth (1947) has found that tapeworms contain a large amount o! 
carboli 3 .drate, mam y glycogen, which is stored in the parenchyma. There 
■s also a considerable amount of phospholipids but an unusually small 
amount of proteins, j^robabjy in the form of scleroproteins. The intern- 
ment IS freely permeable to water and electrolytes. Immunity to the 
digestive action of the host’s intestinal secretions appears to be due to the 
character of tlie integument and not to any anti-enzymes produced by the 
tapeworm. _ However, if living eggs, larvae or adults are subject to dilute 
hydrochloric ^acid, followed by an alkaline bath and intestinal digestive 
enzymes, the outermost tissues, as the shell and embr^t-ophore of the 



Fia 128 — Schematic diagram of the nervous system of .t/oniena, a cyclophyllidean ta^-’ 
worm, showing the nerve trunks, ganglia and commissures in the scolev and first two p - 
glottids ad gn, antcrodorsal ganglion, anr, anterior nerve ring, cgn, eepha/ic png/ioo. . 
dorsal commissure , dn, dorsal longitudinal nerve. In, lateral longitudinal nerve, ^ the 

lateral ganglion, rc, ventral commissure, an, ventral longitudinal nerte (Adapted y 
author from Tower ) 


hexacanth embrj-o within the egg and the bladder of the cysticercus ’ 
are digested, while the embrj’o itself and the invaginated sOTie.x o 
larva, which do not come in contact with the acid secretion or the s oma 
remain unharmed and become activated in contact with bile. 

In addition to the basic carbohvdrate requirements e\i 
cumulating that certain vitamins, pa 
the normal development of cestodes , 

" X^fbu™ a' wide eauge of tolerance to pH. extending fro. 

h^entlre ntrobda in the ^ 

This is due to the relatively poor dewlopment of t e 
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parts of the strobila except in the scolex, where tJiere is a rather complicated 
set of ganglia and connecting commissures, as well as apical nerves, ^hich 
are both sensory and motor in function (Fig. 128). Arising from the 
bilaterally symmetrical “central nerv'ous sj'stem” of the scolex (c^rn) and 
procewling through the complete series of proglottids are the longitudinal 
nerve trunks. These usually consist of one main lateral ner\ e {In) and a 


ganglion for each of its six longitudinal nerve trunks and a transverse 
commissure connecting all of these six ganglia. 

The excretory system is primi* 
tively like that of the trematodes 
{Vide Figs. 7, 9, 10), with flame- 
cell termini, capillariesand collect- 
ing tubules, the latter emptying 
into longitudinal trunks. Typi- 
cally (Fig. 129) each side of the 
body has both a dorsal and a 
ventral longitudinal trunk (rf^rt) 
uith anterior anastomoses (oa) 
and with a terminal bladder; but 
in many species, particularly in 
the adult stage, this has become 
simplifled so that only one pair 
of lateral trunks is visible, having 
n transverse anastomosis at the 
posterior margin of cadi prog- 
lottid. Likewise, since tlic term- 
inal bladder is lost with the sep- 
aration of the distalmost segment 
from the remainder of the worm, 
the lateral trunks discharge sep- 
arately from the most distal pro- 
glottid still attached to the ^orm. 

I'l^emamfvmctionofthecestode 
is egg production. To this end all 
other functions and structures are 
subservient. Not only is i*ach 
worm self-sufliciciit ns far ns it.s 
sexual products are conceriietl, 
but eacli proglottid is also inde- 
pcmlcnt of every oUicr with 
respect to egg-production. Kach 

t JO 120 — of mcr> »iljnrrnt "neck” rwon. 

anterior rxeretory iniiiV^ in a lit ins viorm On ttierutlit « n detail of the capillxry and flame- 
eell *>’iitem ot>eiiine into a ehnrt erEmenI of the (lexltoilorsal trunk, on, anterior ana-tomo-K, 
ill, di>r»al trunk, rc. eirretory oai'dlao . cxrrrtory trunk, ft, flame rell, rl, central trunk. 
(Original ) 
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pmglottHl cwitfiins l)oth male «iid /enifde rcproddctj^-e organs. In a A-h 
instances (Dipi/lirhiim, Diplopyltdium, Diphgonoporus) each proglottid is 
provided witli a double set of sudi organs. \V}ji!c cross-fertilization from 
nnc worm to nnotljcr in dose apposition and from one proglottid to another 
of the same worm is not an infrcciueiit oectirrencc, it is usual for ciit-h 
proglottid to bo M>lf-fcrtilizcd. 

TIjc mak reprofhetire organs cwisist of bofli primar\' and secondare 

structures (figs. ldfU3i)/i’liefoHic»i{arfr5fr.r(t),wdijdiarecomn]onIvmulti- 

J)le, arc distnbuti'd tlirougliout the inwiinn plane of cadi proglottid. Vajfa 
efferentia (rr) from tlie testes join one another in dendritic fashion to form 
the w.? tkfrrcns (rd), « ciiihtl <»r <xmvolntcd tubule W'liicli proceeds from 



the muldle region of (lie worm (oivarr/s t/ie fatcraf margin or ventrad, there 
to open into the gcniUil ntriVw (w). In its outermost porpon it 
become differentiated into pro^fo/e and eirml organ, the two being enclos 
rn a cirrus sac (cs) Between the vasa cffcrentia and tlie vas deferens there 
may be a storage reservoir or seminal reside. ^ i ,1 v 

Tiie/e»mfe reproductive organs likewise consist of primary and secon ar 
structures. Itohi tlie genita] atrium a more or less tabular 
proceeds towards the catppe (00), the latter structure being situa b ‘ 
median posterior position in each proglottid. The inner end of ‘ ‘ ^ , 

is frequently differentiated into a reservoir, or seaunal recep a t ^ 
followed by a constricted tubule, the spennatic dad. Ihe 
multiglandular structure, is situated posterior to the mm-plane o / 

Its is connected with tlie ootiTJe by the oviduct {0^, whi<A re • ^ 
Thf^ nteVnrin (vit), which raA} 
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incsencliunii of ’ ’ . .. . i * s .. i ^ 

into ducts {vitd • 

{crd). Surroum ■ ' ’ ■ . 

glnnd {Mgl), the 

of the odt\pe is the xiierii.^ (vt), which may open throiiph a uterine pore 
(Diphy!lobot/irin»i) or may end blindly (Txnia, Dipylidium). In tlie 
former case, the uterus becomes more and more tiphtly coiled as it elongates 
to accommodate the eggs which are forced into it from theodtype (Fig. 132, 
0, 10, 11, 13). In the case of species of Txnia, the blind pouch develops 
lateral arms to accommodate the eggs (Fig. 132, 1-4). In the most imma- 
ture proglottids the reproductive organs cannot be discerned. Thc^\’ 
become more and more distinct as the proglottid matures, and arc most 
readih studied just as egg-making begins. With the production of a large 
number of eggs, the need for storage of the ripe sexual products takes 



O’!, oviduct; or, ovary, «, sphincter at outer end of vatina, tr, 6eminst rereplarir. /. tOKft-i: ul. 
uterur; titc, utenne canal, r, tegma: nf. vav deftrens. rc. va.* effert'n', nf d. tilellino {l<irl 
(Original ) 

precedence over egg production and the sexual organs, at least in the higher 
groups of the ecstodes (the Cjclopbyllidea), all gradually atrophy, with the 
e.xc-cption of flic uterus, wbidi Iwcomcs greatly distended and tends to fill 
the entire proglottid. The shape of tlic gravid uterus (Fig. 132, I-I2) is 
frequently ttf diagnostic value in determining tlio species of tapeworm. 

The egg is assembled in the ootype. It consists of the fertiliretl o\ arian 
cell and an aggregation of “yolk cells," the whole being siirnaiiidcd by an 
egg-sliell. In the Pseudophyllidea (t. e., DiphyUnbolfiTiuin, Fig 13G, lUpto- 
QonnpoTun, Fjg. M5), which possess n uterine pore, the egg- is nvoidal in 
contour like that of a treinatodc, and is provlde<l with an opcrciiltim. In 
■’ . • I .. _ . Cyclophyliidea (f. r., Txnia, 

' trnofrpw, rigs. 153C', I37C’). 

■ ' ■ ■ ' • • g cell is fn*qtientlj .surround- 
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cd not only by an cjig-sliell but also by additional embryonic membranes. 
In most species these outer membranes surround each egg individually; in 
the case of DiinjUdinm (Fig. 153 O one uterine or embryonic membrane 
envelops a grouj> of .sevend eggs. In the Pseudophyllidea the eggs are 
opcrculate and e.scape from the uterus while they are still immature. De- 
velopment is completed and hatching occurs in water. In the Cyclophyl- 
lidea tlie eggs arc not opcrculate and are mature when set free from the 
uterus. 



from various aourcca ) 


Th 


viscous medium, where their txbtence is j‘‘ ‘'Hcrrthey must 

.in equilibrium against peristaltic and food stated, they ate 

obtain adequate oxygen and nounshment. ^ P 
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known to have a hiph glvcogen-fat content as compared with proteins. 
Some investigators regard this glycogen reserve as a source for o\\gen. 
Tapeworms also have a high reserve of calcium carbonate, uhicli may serve 
as a buffer for tlie body tissues against hypenicfcifty. IVard/e (1035) iias 
compared the adult tapeworm within its host to “a swimmer breasting a 
strong current and barely able to maintain his position against the current.’' 
Thus, under conditions of starvation, intoxication, or increased peristalsis, 
the equilibrium is frequently not maintained, the greater portion of the 
worm is separated from the scolex, and passes down and out of the bowel. 
Anthelmintic medication utilizes this information by anesthetizing the 
worm, while stimulation of the peristaltic movements of the bowel wall by 
purgation hastens the evacuation of the parasite. 

Jones (1945) has studied cell division in 15 species belonging to two 
families of cjclopbyllidean tapeworms, the Ilxmcnolepidida; and the 
Dilepididce, and has demonstrated that mitosis and meiosts occur as they 
do in the greater majority of animal species. He distinctly rejects the 
assumption of Child (1904), baseil on studies of Moniezia exjmnxn, that 
amitosis occurs as a normal process 

THE LIFE CYCLE OF CESTODES 

In the CyclophylUdea the embryo is already fully developed and ready to 
hatch upon its escape from the uterus of the parent worm. In the case of 
the PseudophylUdea tlie eggs arc discharged, while still’imnmture, through 
the uterine pore. In cyclophyllidcan species escape is frequently effected 
through rupture of the uterus The embryo w Ithin the egg Is designated as 
the oncoipherc (o^Kot, hook, hall), or, because of the fact that it 

usually possesses three pairs of booklets, is called the hexacanth If, six, 
&Kapea, spine) embryo Reid (194C) has obser\ed a pair of unicellular 
penetmtion glands, opening through pores at the anterior end of the 
embryo, secreting a substan ’’’ • • i, • • 

entrance into the tissues of 

shell lajcrs is an enveloping . . 

ately siirrouiKls the oncosphere The oncosphere, together with its 
enibrj ophore is referred to as the coraciiHiim, In the Fseudophyllidea, w ith 
few exeeirtions, the mature embrjo isprovwlecl with a ciliatctl cnibryophore. 
Tlie egg hatches in a moist meiliiim and the emergent organism sw ims about 
in the water, rractically all other ccstoile embryos are non-cilialed, and 
liutcb only after being ingested by their intermediate host. Venard 
(1938) fa\ors the \icw that the stage of cestodes hatched fnnn the egg is a 
“lar\a'’ rather than an “embryo." 

With the exception of llmnenolcpts nana, all of the known Iniman tain*, 
w onus require tw o or more liosfs, a definthtt hrat for the inatiire stage of the 
wonii, and one or more intcrmnUate hash for tlie larval stage or st.nges. In 
.1 f y I •, . - *1 nu)U'<*) ser\ es 

. • • '• ■ experimental 

■ ' ' ' (ifttrttin tuH I, a 

■ ■ " • ■- ■ • ■ ■ • The tadjMilc 

stage of tlie frog serves as the host for the r\*sti(rrct>i«l l.ma. while ctiiitn* 
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possibly capable of proclueinp both an intestinal and a somatic infection in 
man. In tlic former case, man Is the definitive host; in the latter case, the 
intermediate host. Man is the only known definitive host of Tsnia 
sagmata. In llymenoleph nann infections man serves both as intermediate 
and definitive host. 

While the eftps (oncospheres) of ta|)eworms reach the first intermaliate 
host through feeding on more or less diluted fecal wastes, infection of the 
definitive host (or, iti the ease of Diphyllohothriinn, the second intermediate 
host) is brought about from the ingestion of tlie infected first intermediate 
host or part of its tissue. Tims, the fish or the frog acquires somatic 
sparganosis througli consumption of the Cydojit, which is the first inter- 
mediate host of the worm. Man, dogs and cats acquire the intestinal infec- 
tion from consumption of the raw, infected second intermediate host. 

and Ilymenolppis diminuia infections in man or other mammals 
result from the accidental ingestion of the arthropods respectively involved 
ns intermediate hosts. The presence of Tsenia soUinn and Txnia saginata 
in man is due to eating raw flesh of “measly” pork or beef, llymnokpis 
nana and Kclnnococcits infections in man arc due to unclean habits of the 
infected individual. The time rorpured for the maturing of the adult 
tapeworm in the human intestine varies from a few days to several weeks, 
depending on the species of worm. 



CHAPTER XVII 


THE CESTODES OR TAPEWORMS. CLASSIFICATION 

THE BASIS OF CLASSIFICATION 

Although the system of clnssification developed by Montfc-elli (1892) 
A\;is cmpIo\cd by many distingtiished workers during the next quarter 
century, it contains certain inconsistencies, due to the grouping witliin the 
same subclass of organisms which superficially resemble one another but are 
fundamentally different. Thus, Monticelli placed Archigetes and Caryo- 
phyllxits with Amphilina and Gyrocotyle in the subclass Cestodaria. Fuhr- 
mann (1931) has rectified this inconsistency and has providwl a system 
essentially sounder than his predecessors. Tl>e classification presented in 
this manual is an adaptation from Fuhrmann. 

CLASS CESTOmEA (RUDOLPHI, ISOS) FUHRMANN, 1£31 


alimentary canal; body in almost all species divided into proglottids. 
Subclass I. Cestodaria Monticelli, 1892, emend. Fuhrmann, 1931 

Body not divided into proglottids; only a single set of reproductive 
organs. Oncosphere contains 10 to 12 (t. e.. 5 to 0 pairs of) liooklets. No 
human representative. Example: Amphtlina folinccn (l^udolphl, 1810). 

Subclass n. Cestoda (ran Beneden, 1849) Monticelli, 1892, emend. 

Fubnoann, 1931 

BckIv iNpicilIy with scolex an<| .«;eries of proglottids, each «)ntnining 
one set (rarely two sets) of male and female reproductive organs Onco- 
sphere tN pically contains 0 (». e . 3 pairs oO booklets. 

ORDER I. FSEUDOPHYUJDEA CARDS, 1863 

Seolex typically unarmed, with two opimsitc sucking organs (the AoMr/V/)’ 
wliich in.ay hecsimc fimbriated or tiibnkir. or may he partially or wIkjIIv 
suppressed; never with fotir .suckers or accessory prohoscicles; iistialb 
inultisegmentnl, rarely like the CWwIaria rontaiiiing a single set of 
repr(Kltictivc<»rgans (riz., In fainilc Cnr'«)phylIieidR*). All species parasitic 
in man are found in the Eainlly l)lpli\IInlM>tliriidie I.iilie, 1910. 

/Vn»i7v lUVIIYLlmOTHRIIJU: Luhe, UHO 

Sis)Iex nnariiKsl, of a variety of patterns, usually s(T\ing as ttihnlar 
n(llic<i\e organ. OjH-nings of cirrus and vagina miil-\enlral and anterior 
to the patent uterine ix)re. Eggs ojH*rculate, with a single, relati\ely thick 
sliell; tnattire emhrjo (oncosphere) ciliaUsl; pnaxToiid ntid plcnm'raiid 
larxal stag«>s in one or more intermediate hi»sts. Atlnlts in intestinal tract of 

( 25 .',) 
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vtTtebmte liorfs, most frequently birds and mammals. Human repre- 

(Leuckart, 

]’• m ■ ■ ■ 1829; Diplogonopom 

pranrfw (Blanciiaru, tsuJK jjigramma brauni (Leon, 1907); Ligula intesti- 
nails ((joeze, 1782); larval forms, Sparganum mansoni (Cobbold, 1882); 
bparganvm pro ifcrum (Ijima, 1905); S. baxteri Sambon, 1907, and probab- 
ly other related species. 

The single specimen of tlie species Biancyrohothrium iaenioides Baci- 
galupo, 1945, for which a family DiancjTobothriidje was specially erected, 
13 probably an abnormal or atypical representative of Diphyllohoihrium 
lafim. 


ORDER n. TRYPANORHYNCHA DIESING, 1863 

Scolex with tw o or four sucking grooves and also at apex four protrusile 
proboscides armed with many hooks. Genitalia as in the TetraphylUdea, 
except that the vitellaria are more abundantly developed; uterine pore 
completely or apparently patent, or closed. Complete life cjcle unknown, 
larval stages in fishes and marine invertebrates, rareb' in reptiles. No 
human representatives; adults in spiral valves of selachians, rarely in 
ganoids. Example: Tctrarhijnchns hmilcatnm (Linton, 1889) Linton, 
1897. 


ORDER m. TETRAPHYLUDEA (CARDS, 1863) BRAUN, 1900 


Scolex witli four, very flexible sucking cups of variable shapes and patterns; 
male and female sex pores always lateral. Oncospheres developed in utero. 
Two or one intermediate hosts required; vitellaria with numerous follicles. 
No human representative; adults in alimentary canal of fishes, amphibians 
and reptiles. Example: Thysanocephahtm crispnm Linton, 1889. 


ORDER IV. DIPHYLLIDEA (VAN BENEDEN, 1848) BRAUN, 1900 

Scole-X consisting of head and shaft; two bothria, each dorsal and ventral 
on the he.ad, appearing fused medially; rostellum provided with dorsal 
and ventral hooks; neck short; proglottids frequently become separate 
from strobila before maturity. Genitalia as in the Tetraphyllidea, exrep 
tliat the sexual pores open ventrally. Larval stages in Crustacea an 
AfoIIusca. No human representative; aduit worms in intestine ot seine inn 
fishes. Example: Bebinobotirinm a^ne Diesing, 18C3. 


ORDER V. CYCLOPHYLLIDEA BRAUN, 1900 

Scolex with four depressed cup- or saucer-shaped suckers, and 
center usually an apical organ or rostellum of varied form, req 
armed with hooks; vitellaria a single mass characteristically .• 

ovary, sex pores, when patent, usually open laterally. All species p. 
in man are found in the 

SuPEUFAMILY T.^IOIDE.\ ZWICKE, 1841 

Bodv almost alwaj's flattened; suckers four, simple; egg 
operculum, .vith one or more la,™; embr^ larCin 

mature on disintegration of gravid proglottid, not ‘ > 

invertebrates or vertebnites, adults in intestine of ver e ra 
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Family AKOPLOCEPIIALID^ Cholodkowsky, 1902 

Scolex unarmed, without rostellum; suckers large, unarmed; neck region 
lacking. Human representative: BertieUa aUtderi (Blancliard, 1891). 

Favxily ^lESOCESTOlDID^ Furhmann, 1907 • 

Members of this family are iinique among cyclophyllidean tapeworms 
in liaving the genital atrium raid-dorsal in position rather than lateral, in 
pos‘.essing two entirely separate ntelline glands and, in addition, in having 
the eggs in gravid proglottids concentrated in a single mass enclosed in a 
fibrous capsule. Human representative; Mcsocestoides variahiUa JIueller, 
1928. 

Family DILEPIDID/E Fvhrmann, 1907, emend. Lincicome, 1939 

Rostclluin, if present, armed; suckers unarmed or rarely armed; uterus 
broken up into egg-capsules; genital organs single or occasionally double. 
Human representative: Dipylidium caninum (Linn., 1758). 

Family BAVAINEID/E Fuhrmann, 1907 

Itnstcllum cushion-shaped, arme<l with numcroiis hammer-shaped hooks 
in t'vo rows, suckers armed; uterus broken up into egg capsules. Human 
representatives: Raillietina madagascarienaia (Davaine, 1809); i?. celeben- 
81.1 (Janieki, 1902), liaillietina asiolica (v. Linstow, 1901); R. demcrar~ 
lewiii (Daniels, 1895). 

Family IIYMENOLEPIDIDJE Fuhrmann, 1907 

Proglottids usually broader than long; testes one, two. or more often 
three, rarely more (twelve); genital pores unilateral; uterus persistent, 
siic’-like. Human representatives: Ilymenolepli dimimtia (Rud., 1819); 
//. )i(nia (\. Siebold, 1852); Drepanidotxnin Inneeohta (Block, 1782). 

Family T/ENIlDiE Lvdiriy, 1SS6 

.^colex armed or unarmed; uteni«» with nietlian longitudinal stem and 
lateral branches; genital pores irregiikarly alternating. Human representa- 
tives: I’o’nia aolium Linn., 175S; T. aayinala (Gwze, 1782); T. confuaa 
Ward, 1899; T. africana v. Linstow, 1900, T. tTniarfonnia (Batsch, 1780); 
MuUicepi muUicepi (Leske, 1780); J/. glomentUts Kailliet and Henry, 1915; 
.If .irrialii (fier^ais. IS-t.'O; EchinonKrui granHlatiis (Batsch. 1780). 



CHAPTER XVIII 
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ORDER PSEUDOPHYLLIDEA CARDS, 18B3 

The cestodeB belonging to the Order Pseudophjrllidea are cliaracterized 
by having n spoon-like or spatula-likc scolex, with simple, median longi- 
tudinal channels on opposite surfaces, the dorsal and ventral sides, to form 
the bothria, or suctorial grooves. The uterus is provided with a pore, the 
eggs are opcrculatc, with a single shell layer, and the oncosphere is ciliated.' 
The species occurring in man are restricted to the family Diphyllobothnidffi 
Luhe, 1010, in which the rosette-shaped or coile'il uterus, as well as the 
vagina and cirral organ, open ventrad, and the Nntellaria are lateral in 
position. 

Considerable confusion exists as to the number of valid species of the 
genus DiphyUobotkriim in mammalian hosts, and some workers e\'en 
question the validity of employing this generic name for the species re- 
ported from land mammals (Wardlc, Mcl^eod and Stewart, 1947). This 
point can be settled only by a careful morphological study of thf adult 
worms in conjunction with life history investigations. 

GF-XUS DlPIIYLLOnOTIlRIUM COBDOLD, 1858 
(genus from dis, twice, 4>v\>.cp, leaf, and groove or sucker) 

A. Subgenus mPHYLLOBOTHRTOM (with a "Rosetted" Uterus) 

Diphyllobothriura latum (lannseus, 1758) Luhe, ^1910. (The fish tape- 
worm of man, causing diphyllobothriasis or fish tapeworm infection.) 

Synozyms.^Txnia lata Lmn., 1758; Tsnia vulgaris Linn., 1758; 
branacea Pallas, 1781, Txnia lenella Pallas, 1781; Tsema dentata Batsen, 17o , 
Tepma grisea Pallas, 1796; Bothriocephalus talus (Linn., 1758) Bremse^ 18 , 
Dibolhnum lalum (Linn, 1758) Dicsing, 1830; Bothriocephalus balticus Kuchea- 
meister, 1855; Bothriocephalus enstatus Davaine, 1874; Bothriocephalus latissmu 
Bugn, 1880; Dibothriocephalus latus (Lmn., 1758) Luhe, 1899, Bothriocephalus 

Isnioides "Lion, IdlQ, Dibothriocephalus minor Choiodl^QW'sky, lOlQ ^ 

Historical and Geographical Vsis,.— Diphyllobolhrium latum, the . 

• nrf OS a snpcies of tsiK' 

erred to m 
it requires 
irphologic- 


of fishes, while its adult stage is ne\’er found in tisnes uui in 
The adult worm, Diphyllobothnwn lalum, has Jong been ® , ya-ese), 

man paiasite in Northern Italy (around I^es Como, ® Pru'isia, 

Switzerland, parts of Germany, and European 

Poland, Lithuania, Latvia, Estonia, Finland, j., ] 945 ) Inives- 

Russia In Ireland this parasite has been known smee 1044 { j bv this 

tern Russia 2 to 100 per cent of the human population i.-* parasitize . 
(258) 
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tapeworm, and practicallj' all food fishes are heaA-il}' infected. Within more recent 
times it has been found to be a common parasite of man in Roumania and the 
Danube delta, in the vicinity of Lake Tiberias in Palestine, Turkestan, extensive 
areas in Siberia, Northern Manchuria and Japan Its presence has apparently been 
authenticated for the Philippines (1935) It is established in several foci in North 


eastern Canada,” where it is also found in silver foxes, cats and boars. Although its 
focal center in Canada is Manitoba, it extends from the Gulf of the St. Lawrence to 
the coast of British Columbia The Arctic species of fish tapeworm in North Amer- 
ica IS believed to be different from D. Mum. Summers and Weinstein (1943) and 
more recently Hood (1947) have demonstrated tliat there is a small isolated focus 
of the infection m northern Florida, where Negro children and dogs have acquired 
the disease from locally caught fish. Records of its prcisence outside of the northern 
tem|)crate zone require verification. Magath (1937) suggests that reports of ca«es 
from the Great Lakes di-strict of Uganda, from Bccliuanaland, Angola and Mada- 
gascar are not conclusive. Similar scepticism may be justified regarding rci>ort.s 
from Papua, New Guinea, and from Nigeria, yet autochthonous diphyllohothriasis 


dome''tic dog, Duaicyon gijmnoeercu9 gymnoetrevs, Uroeyon einfireoargenlatus, and 
Cam* lupus occidenlalia; from the domestic cat, FtUs ccmcolor, F. melUvora, F. 
hernantieiii, F. mneroura, F. pardua, F. Ico and F. mitta; from the mongoose (//cr- 
pntca Utieunia), the walrus (Odobstnus roamarm), seals and sea-lions (Lepiwyz 


Structure of the Adult Worm.— AMien freshly e.xpclled fronfi the humnn 
intestine, the worm (Fig. 134 A) is ivory colored but it may become grayish 
on fixation Young mature specimens from the human host may measure 
only 3 meters in length Imt older specimens may attain a length of 10 meters 
or more, witli a total of 3000 or more segments. The scolc.x (Fig. 134 B) 
is small, spatula-shaped, uith rather deeply siilcnted dorsal and ventral 
grooves It measures about 1 mm. in cross-section by 2.5 mm. in length. 


to take pliKX! as a result of transverse constriction of undilTcrcntiatwI 
proglotthls along the entire proximal portion of the strohila (Fnlirnianii. 
1031; WnriMe, 193."i). As the organism is follovvixi farther and farther 
distad, these immature proglottids lieeomc more niul more fully dcvelojxxL 
until they are reeoginrixl as iiiatiin*pniglottids (Fig. IS.")). With tIlep^)ce^s 
of egg prmliietion iiiiti.itetl, the matiin* proglottids liecome transformeii into 
gravid proglotthL, i. r., those in whieli tlie uterus has btxxiinc elongate<i 
and tvvistisl Imtk and forth uixm itself in the eliaracteristic “rosette” 
p.itterii to jKxsimmod.ite the (Fig. 132, H). Mature and gravM 
pniglotthls togetlier ocxnipy nlxiiit four-hfthsof the length of the vvnrm. 

'Hie tvpiial niatiin* proglottid of JtiphylMKdhrhim latum (Fig. Kk"*), as 
is found in the middle thin! of the vvonn, is pnividisl vv'ith Inith iirimarv 
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ant{ secondary male and female renr,al„„»;,. _ 


coiivercine at varimiQ acverai vasa 

the latter orlBinutiiif; in Uic mkl-nlane h'*'° deferens, 

third of the body and proeeSbe anf.rf 1^ ‘'‘^S»nreg of the posterior 
tubidc, cnlarKlni: at its outer terinfn.'is to f"' eonvoluted 

in a muscular eiVral oreaf '* “ding 

mou Kouital pore ™ ““ ‘■"'‘““n aspect of the com- 



B 

Tin 134 Strobila of Dij>kullol>olhnum htum, two-tlurdi natural si4o (paitly after 
Leucknrt). i?, head of i>. towm. lateral \icw. X 35, (From Mag.itli) 


The ovary is a symmetrically bilobed structure, situated on the ventral 
surmce in tlie posterior third of the segment. Between its two lobes is the 
Mehlis-gland or “shell-gland” complex. From the common male and 
female genital pore there arises a narrow tubule, the vagina, which proceeds 
directly posteriad, coiling somewhat at its enlarged inner end to form the 
seminal receptacle. In the lateral fields ventral to the testes there are 
vitelline glands, the ducts of which converge to form right and left vitelline 
ducts, whicli, in turn, fuse into a common vitelline duct. The inner end 
of the vagina, together with the common vitelline duct, joins tlie oviduct to 
enter the obtype on the median anterior face of Mehlis' gland From the 
left anterior angle of the o<»type there arises the uterus, which twists hack 
and forth from side to side, and finally terminates in a uterine or hirt/i 
pore In the inid-ventral line, a short distance behind the common genital 
pore. The amount of twisting of the uterus, i. c,, the “rosetting of the 
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uterus, depends on the number of cg^s which it has been required to 
accommodate. 

Spermatozoa produeed in the multiple testes reach the vas deferens riti 
the vasa efferentia and are temporarily store<l in the seminal \ e^icle. The\ 
escape from the male system through the coinnion genital atrium and aie 
ordinarily transferred directly into the \'agina, although the presence of a 
muscular cirral organ indicates that cross-insemination is possible. Once 
witbin the vagina, ■’ ‘ ‘ ‘ * ’ ’ ‘ hI in the 

seminal receptacle. ' tnnation 

of the egg, consist! ‘ follicles 

from the vitellaria, spermatozoa, ami stieii-giand material, are all 
assembled in the ootype as they are required, and the compIete<l egg is then 
pushed out into the proximal region of the uterus. The eggs in the inner 
portion of the uterus are necessarily less mature than those in the outer 
coils. In size the former are somewhat smaller and in color more hyaline. 



As the uterus heoniies more and more <nstciHle<l w itli egg"*, the sphincter 
guarding the birth pore heiinnes iiiteriiiitteiitly rela-xtsl, vn that in gravitl 

■■ ' ■*’ ■* *’ ’ "■ ■■ ■ !' ating 

■ ■ .the 

... .... • ■ d de- 

ereav* in egg-laying until it cea«eH entire^'. Unlike the c^c!(lph^II^d^•a^ 
ccstodes, the terminal gravid proglottids of pseudoph,\lIide.'ui xptrles ate 
never normally separated from (he parent stem, hut ns they cease to func- 
tion the <listnIino.t proglottids gradiinlly disintegrate and are finalK 
sloughwl off. In this \\a> it is cstimatnl that n single wonn may «lKeharge 
as mnnj ns a million eggs ;vr flirni. 
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nre provided with ahuiidjvnt : 
it develops. In tV ease of /^ ‘ • , 

1 liey nre usually yellow to f;o>ucii-ui(iH it in color, and have an operculum at 
one end wlueli fjccoines more conspicuous as the time for hatching ap- 
proaches. 'Hiey average 70 m in length hv 'Jo m in hreadtii. In man. and 
the bear m Canada, a luKh percentage of the eggs evaenated in the feces is 
fertile hut most of tlio'sc in dog’s feces an; sterile (Cameron, 1945), These 
eggs are tpiito resistant to cheinicals Imt rapidly become non-viahle under 
conditions of ilcsiccntion or ]mtrefnctioii. The period for development, 
whiefi (iceurs iiMvntcr (i. e., in diluted feces), varies from eleven to fifteen 
days at 15 to 25'’ C. temper.aturc of the uater. Upon maturing, the onco- 
sphere, covcrctl witli its ciliated embryophore, escapes through the opercular 
opening in the shell, casts off its embryonic envelope, and swims alwut in 
the water (Fig. K17). Within alKxit twelve hours tlie embryo must he in- 
gostc<i by a suitaldc crustneean liost, <*r perish, since it is incapable of feed- 
ing. The demonstrated (losts include tlie following copcpotls; Jliaptonuia 
Tulgaris, 1), gracUit, I), grocilmde.'i an<l, to a lesser extent, Cyclops strenuus 
Fi*.eluT (Fig. IdS) and C. riWMM.j Uljaiiin In ICnrope; and ]), oregonensis, J). 
.siWhs and 1). aiVi/ohfr.i in North America. 

From the intestinal canal the embryo migrates into the hemal cavity of 
this first intermediate host, hocoming transformed in the course of two or 
three weeks into an elongated oval object, the pToerreoh] /arm, which meas- 
ures in Icngtli from fiO to 00 n, while immature, up to ooO g, when mature, 
an<I still possesses the three pahs of liooklcts on its caudal appendage 
(rereonicr) (Fig. 130.1). Usually only one or two such larvie develop in a 
single crustacean. 

If the infected crustacean is now ingested by a plankton-feeding fresh- 
water fish, the larva is set free in the fish’s stomach, and in the course of 
three or four days jrenetrates its wall and wanders through the body cavity 
into the flesh and connective tissue, where it becomes transformed into a 
spnrganuvi, or plcroccrcoid larva, measuring up to G mm. or more in len^h, 
and lying free between the inu-scle fibers rather than in an adventitious 
sheath or capsule. According to the investigations of I-iihrmaim t ese 
larvm within the second intcrinetUntc host multiply several fold b\ 
methods, hut Vergeer (1937) is opposed to this view and suggests tnat 
after several montlis in the fish flesh they die. Tiie sparganum ( ig. , 

B, C) is glistening, opaque white, has an antero-postenor poIarlt^ , as an 
invaginated anterior end which may serve as an attachment organ, ’ 
contraction, may appear to have a more or less pronounced ■ 

tation. Varionsfresh-waterfishes, particularly thoseofhte.andmou^ 

streams, serve as second intermediate hosts of the mfection. > 

edible fishes probably do not acquire their infection direc J 
fected copepods, but indirectly from col 

come infected Among the food fishes, which are probably fhe c™ 
mon sources of iiuman infection, the follon ing species ha\ e been incrim 
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ated: the European pike (Esox Indus Indus), the European perch {Perea 


gorbuscha), the clog salmon (0. leta), the sockeye or bluehack salmon {0. 
nerka), JIucho iterryi and the rainlww trout (S- iridcvn) from Japan; the 
European barbel {Ihrhus rnlgaris) from Lake N’gami in Africa (?); and 
from northern North America the barred pike, Esox ludm cstor, the wall- 
eyed or blue pike {Stizosicdion ritreum), the sand-pike or sauger (5. rana- 
dense griseum), and the American burl)Ot (Lofa maettlosa). These and other 
fresh-water fishes frequently harbor in their flesh other, related, species of 



I'lO ISO— I'kk of Diphi/ltuhothnam 
nliim, X SCO (OrismAl ) 




Fio ITS — Cytlop* Urtnuut, containing 
prorrrroid of Dl/>Atfffpl!•o(Ar^um laJum. 
(After Ilovn ) 


sparpana, svhich must not be mistaken for those of DlphyUohnihrum Inium, 

Thus, records of ^ *■*'’ • • > ^ . 

of human infeeti ■ • ■ ‘ i 

nccompanictl by ■ ■ ' • ’ • 

the sparpana is ; ' • . ' , 

eriininiitetl. 

In man the w orms may nmiain active for several \ oars, or they may be 
diseharptsl spontaneou'-Iy. At times they probably ilisintcgrate and die 
slowly within tlte Imwel, without o!>jecti\e evidence. In heavily entlcmic 
areas, as in parts of the Haltic countries and Siliorin, multiple infection is 
eotmnitn, and huntlrtsls of feet of stroluIaMnay Ik* evnctiatetl from a patient 
followiiip siK-eific tlierajK'U'is. 
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Cameron (1945) suggests that D. latum of Canada may not be identical 
with this parasite in Europe and Asia but may be an indigenous parasite of 
the brown bear. 

Epidemiology.— The wide distribution of these piscine hosts in North 
America makes the possible dispersal of this parasite a serious public health 
menace. On consuming insufficiently cooked flesh and possibly the roe 
(caviar) of infected fish, man is exposed to the infection, the worm proceed- 
ing to develop within his intestinal tract and maturing in five or six weeks 
after exposure, at the end of which time eggs first appear in the feces. 

In Finland D. latum infection is today, as in previous decades, an im- 
portant clinical and public health problem. About fourteen per cent of the 
population, or 000,000, harbor the parasite. 



In the endemic foci in 




and even'^into Kentucky, are known to Have oee.. 
fection in those extra-endemic localities. 
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Pathogenesis, Pathology and Symptomatology.— The presence of Dipkj/llo- 
bothmnn laium in the human intestine at times is associated with the clinical 
picture commonly kno\\ n as "bothriocephalus-anemia.” The patient, nho 
gives a past history of having eaten uncooked or rare fish, first experiences 
a condition of malaise and possibly of jaundice. On physical examination 
there is a noticeable anemia, and possibly slight hemorrliage of the oral 
mucosa. There may he slight edema of the face and joints. Tollow ing ex- 
perimental self-infection, Tarassov (1937) experience marked abdominal 
pain, lost 8 kilograms in weight, and became so weak he required hospital- 
ization. 

In an inquiry on the relationship between fish tapeworm infection and 
pernicious anemia in Finland, von Bonsdorff cites Totterman’s figures 
(1944) that on the average the anemia occurs in about 0.3 to 1.0 per cent of 
persons harboring the worm. However, in individuals with a history of 
vomiting the worm anemia is significantly much higher. B\ means of an 
intc.stinal tube, as well as by study of operative reports or: tapeworm 
patients, data were accumulated to indicate that the worm is usually at- 
taclied to the wall of the ileum, less commonly of the colon, and in these 
patients there is rarely an associntetl nnemia; but at times the worms are 
present at the jejunal level, once were found operatively in the gall bladder, 
and in such patients there is positive correlation with pernicious anemia, 
Tlie investigator believes that when the worm resales at the more proximal 
level its metabolites inhibit the combining of the extrinsic and intrinsic 
factors of Castle, w ith resultant disease. A remission of the anemia may oc- 
cur without loss of the wonn Tins is interpreted by von Bonsdorff as 
resulting from migration of the tapeworm to a more distal position in the 
intestine. When the food supply of the population is inadcriuate, as oc- 
curred in 1942 in FinlamI, pernicious anemia in tapeworm patients was tw o 
to three times as common as In 1043 when there was sufficient protein 
available (Tottennan). 

Masses of J). laluin in the small intestine may produce acute obstruct ion 
and may cause symptoms suggesting chidecystitis or peptic ulcer. 

Blood exaniiiiiitioii occasionally shows an erythropenia (5fX),0()l) to 
2,r)no,0(X)), with nucleated red cells, nnisoc^tosis and p»)ikilocytosis; a 
reduction in the w lute cells, at times w ith a more or less pronounced eosino- 
pliilia. The Iictnoglobin percentage may hens low as 2.1 or 30, although the 
color ill dex inii\ he aho\e unity, lliere is fretiucntly a slight irregular cle- 
\utiou of tcmjierature. Some clinicians l>clic\e that the symptoms are due 
t<» the absorption of b^ -fircKlucts from the degener.it ing dead proglottitls of 
the worms, while others favor the view tluit the living worm secretes a suh- 
staiiee toxic to the host. In the majoritj of c:ist*s, however, tliere are no 
clinical s\inptoms. 

In an nnal.\ sis of the literature on '’iHithrioerphahis-anemia,” Birkeland 
(19:12) found tlint the actual numl)crnfca«os of anemia is indwl small coni- 
parcfl with the |)ere«’ntage of jx-rsons infcctwl with D. laium. More than 
70 per cent of all recortlcsl eases of the anemia have occurred in FinLuid, 
w here the pojxilation apix-ars to have a pixxlispositinn to i>criiicioiis anemia. 
While infection with the tn{K*wonn may a pn-cipitnting factor of the 
s\ mlronie, by pnividing for, or allow ing, toxic pHnlncts to !m* nlxorlHsI from 
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tlie into'sf inc, tliorc h no cmivincinR proof tlint the worm is the primary cause 
of the (iisoase. rottcrmaii (1945) fmiiKl fourteen per cent inehlence of 
ancmiii ainonjr patients harboriiif; J). Mum in Tinland. lie recognizor) t\w 
types of anemia among these infJivKhmJs, (J) n jKriticiou'i type amenable 
to treatment witli Castle s extrinsic factiir present in yeast or liver, and (2) 
a hypcrciiromic type not responsive to Castle's factor but improved follow- 
ing removal of the worms. 

Wardlc and Green (1941) Inu’e demonstrated in experimental D. him 
infections in man and dogs a gradualJy developing hyperchromie anemia, 
with a tendency towards macniexiosis. Tliis apparently results from the 
absorption of nnsatnrntcd fatty acid lilierated by the tapeworm, thus con- 
firming the hypothesis of Faust and Tnllqvist (1907). 

Diagnosis.— Ilnscd on tlic recovery of tlie characteristic eggs (Fig. I.'IO) 
from tlic feces of the patient, and <»ccasionaIIy of evacuated pre^^Wtids. 

Neither in the copcpo<l host (pniccrcoid stage) nor in infected fish (spar- 
ganum larva) can 1). latum he distinguished from other species of Diphyl- 
lohoihriiiUi wliich arc natural parasites of ?>irds (I’homas, 1947). 

Therapeusis.— Tlic two most cflieicut anthelmintics, utilized for the re- 

. , , , .. I .,1 

• ' ’llirse drugs 


(1) 2'he Okorcsin of Aspidium {Dryopterh filix~mas),--^l\e patient eats 
only soups, milk and toast the day l>eft>re treatment and before retiring take.s 
2 tablcspoonfuls of Glaulicr salts (so<!iuin siilfato) dissolved in o glass of 
water. On tlic morning of treatment breakfast is omitted (plain tea or black 
coffee c.xccpted) and thcpatlcnt remains in bed. The drug is atlmini&tered in 
gelatin capsules in 3 equal closes at 7, 7:30 and 8 a. .'if. Each divided dose 
consists of 0.0 to 1 .2 grams (10 to 20 minims) for an adult, 1 rainim for each 
year of age for a child. At 10 a. m. follow with a Glauber salts purge. No 
food is allowed until a copious bowcf movement has been obtained. An 
stools up to t^''tv-*’icht hours should be carefully examined for the head of 
the worm. : 


repeated in • ' , 

freshness of the drug, the careful cooperation of the patient and tne pi e- 
post-treatment purgation. 

Some pliysicians prefer to administer the drug, together with the p irg> - 
tive, through a duodenal sound. Tlie therapeutic is made up m an emu sion 
as follows: 


Olcorcsina aspidii, 4 cc. 

Afiici/agc of acacia, 99 cc. 

Sat. sol. sodium sulfate, 60 cc. 

Preparation of the patient is similar to that for the 

The emulsion is intubated all at one time. No post-treatmen p g 

needed, since the purgative aRent is but is 

The extract of Aspldmn is probably purer than ti 


)f 3 cc., 


preceded the night before by Glauber salts puigau^it - 
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hours by saline purgation. In severe cases, extreme care should be taken to 
prevent absorption of the drug into thesj’stem. The drug is contraindicated 
in patients suffering from gastro-enteritis, nephritis, pregnancy, elevatc<l 
temperature, hepatic dysfunction and low scrum calcium in the blood 
A serious disadvantage of this drug is the likelihood tljat it may’digest the 
head and neck of the worm, so that the stools passed following treatment 
will not necessarily provide evidence that the parasite has been eradicated. 

It is probable that in some instances D. latum can be eradicated by ad- 
ministration of atabrine, as advocatcrl by Ncghme and Faiguenbaum (1947) 
for the treatment of taeniasis; or by transduo<Ienal intubation of an emul- 
sion of he.x\lresorcinol, as tested by Hrown (1948) and by Hcrnaiider- 
Moralcs and Santiago-Stevenson (1949) for taeniasis (Vide p HOO.) 



I in oj Ihphyllofiothrtum ford'U-tn. from doK. A, Unrvftl mow. D, litoral mow. 

X 12 (Otwinal) 

Prognosis.— (rood, providetl the worms are completely removed. The 
symptoms usuall.v dear up folhmiiig c\acuation of the M'orms, the blond 
picture returns to normal, and the patient proccctls to an une\ entfiil recov- 
ery. At times liver and iron arc indicatetl as sujipleineiititry thcriipcntie.s 

Control.— 'niorough cooking of all fish in su>pected areas is indicated 
Ihiblic liealth officials in non-cndcmic areas should erect barriers to prc\ cut 
its intriKliictinn from endemic foci. Fish should not be shippetl out of 
cmlctnlc areas unless previously siihjectwltofrecxiiig temperatures (nr..«l()'* 
('.) forat least tnenty-four hours (Kajava, IPJ.'J.'AIagatJi and I's'vx, 1931). 
Sewage from infecttsl cities should Iw adequately filtcrcil or sterilized witli 
formaldehyde or chlorine Iwfore I)eing disdmrgei! into rivers and lakes 
Summer fidiing for pike and other fish hosts of the spargaiium should Ik* 
prohihitt'd in endemic ureas, since this is the season of maxiiniitn fish in- 
fi'ction. IJarnVrs .sliould lx* en-etj-d to prevent the shipment of jKJt< ntf.ilJji 
iiifecttsl fi'h out of enilemic areas wnless prrvimi>|y frozen long enough to 
gnarimtee steriliz-itinn. Ilotisenhesnml others who taste fr«*sh-water fi'li 
liefore it is ctK»ke<l should !»e wamisl of the danger of sudi pnictiee. 
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Dogs do not appear to be important as reservoirs of infection, since the 
eggs ot nipltyllobothnum lalim discharged in their feces are onlv about b 
permit Viable. 


Diphyllobothrium cordatum (It. Lcuekart, ISO.'!). (Tlie cordate tam- 
worm.) ' 


Synonyms.-Mn'orepMus cordatm B. Lcuekart, 1803; Dibothriocephalm 
cordahis (R Louckart, 1803) 

Biological Data.— Djphyll^lkrium cordatum, a common parasite of the seal, the 


tinguishing characteristics (Fig. 140) are the compressed cordate scoJev, with 
suctorial grooves on the dorsal and ventral surfaces, the almost complete absence of 
a neck, and the t * 

of sj.x to eight cod 
7.“) tt in length by 

” ”” " ’ •••».*.« rrst . w. ....1. 

)St. 


Pathogenicity and Symptomatology.— Unknown. 

Diagnosis.— On the ha«is of finding Diphyllobothrium eggs in the stool of a 
suspected patient, administering a si^cific anthelmintic, and identifying the re- 
covered worm by its s])eci6c characters. According to Scott (1D35), adults arc 
distinguished with difficulty from D. latum and D. cordiceps (Leidy, 1872). 

Therapeusis.— Unstudied, but olcorcsm of Aspidivm is probably specific. 

Prophylaxis.— Abstinence from eating raw fish. 

Diphyllobothrium parvum (Stephens, 1908) Faust, 1929. 

Synonym.— Dibothriocepkalus parvus Stephens, 1008 

This tapeworm, \Nhich was found once by Elkington in a Syrian vho had recently 
immigrate to Tasmania, was described as a new .species on the liasis of its smaller 
Size and different egg measurement (av 59 2 by 40.7 it) from D latum The scolex 
Mas not recovered Some helminthologists believe it to be a dwarfed D latum hm 
tins is quite possible. A second case harboring this worm has been reported by 
L^on (1915) from Roiimania Yoshida (1924) has described a third specimen from 
Japan Stiles and Uassall (1926) also record this species from Persia and from 
Minnesota (U. S. A.). In none of these ca.ses has the head been obtained. Magatn 
(1929) has produced the entire strobila in experimentally infected dogs in Minne- 
sota, and feels that the worm is an undersized D, latum. 


stitute atypical or abnormal specimens ot D. latum. 

B. Subgenus SPIROMETRA (with "Piled" Uterine Coils) 
Diphyllobothrium houghtoni Faust, Campbell and Kellogg, 19-.9. 
Synonym.— Diphyllobothrium manaont (Cobbold, 1882) of Faust and '\\a , 
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cat in Peking The strobila is much smaller and more delicate than that of Diphyllo- 
bothrium latum, measuring in length from 85 cm. (human material) to 110 cm 
(canine matenal). Tlie hotliria are poorly developed and serve to form only a 
shallow sucking groove on either side of the scolcx. The distalmost gravid proglot- 
tids arc slightly broader than long, rectangular in outline, and measure 3 to 3 5 mm. 
in breadth by 2 7 to 3.2 mm in length. Both the ntellana and testes are eompactl}' 
distributed throughout the lateral fields, they encroach mesad on the uterine coils 
and coalesce in the anterior field to form a deep arch over the male genital opening. 

Thel*“--' ‘ r — * 1 --*. • w. 

tid. 
clo«c 
of th 
openi 

inner proximal coils of the uterus. There are four and a half to seven loops of the 
outer uterine tube, placed comjiactly on one another; they are equallj* broad except 
for the terminal loop which is more Rwollcn in contour. The inner coils of the 
utenis, which contain the less mature eggs, arc much smaller m diameter and form 
a compressed rosette. The eggs are clli|>soidal in shape, each with a rounded conical 
operculum, and measure o7 to C6 ^ in length by 33 to 37 it in transverse diameter 

The life cycle of this species in unknown but the first intermediate host is probably 
a Cyclops and the second intermediate host, «omc vertebrate in winch the sp.ar- 

‘ ' ’ . . . • . .... - jjjp 

Pathogenesis, Patbology and Symptomatolofy.— Unstudicxi. 

Siacnesis.— On the ba«is of finding the eggs m the patient’s stool. These eggs 
can he readily differentiated from tliosj of D. lalnm and Diplogojiopom arandia, 


oleorctin of Aspiihtim 

Control. Tins consists in al>stinence from eating the raw fiHi of animals harbor* 
ing the spargamim stage of tins worm 

Diphyllobothrium mansoni (('oblnjld. 1JW2) .Joyeiiv, 1028. (Mnnson’s 
tiipow onn.) 

Synonyms.- Ligiila vian^oiu Cohlmld, 18S2; JMhrinrfphaliig hgnlonks l.ruckart, 
IShfp, Hoihrioccpkalm nmnsoni (Coblxild, I8S2) Blanchard, 18S8; Dil>othr\um man- 
fotu (Cohbold, ]$S2) Anola, 1P0(); Sparganum mnnsont (Cohbold, 1R.S2) Ptilcs nnil 
Taylor, 1902, Plrrocercouhi rnanwut (Cobliold, 18S2) Guiarl, 1910, .'*/Hirponnm 
riuUifli V. IWtz, 1912; Dil>othriocrphatu» rnansoiu (Coblmld, 18S2) ^innsnn-^nIlr, 
192.*), Diph’iUabothnum rrinnrtt (Budoljilii, 1819) of Iwata, 19'kl, pro jmrte. 

Historical and OeOKraphlcal Data.— This (aitewonn, fir*.t recovcrwl by Mnn«on in 
its hr%a1 stage in 1RS2 at the *wf«i)*y nf an AinojCM?, and roinmonly devigmated as 
“MatiMin's tai)ewnrm.” is frequently found in its adult «tace m dogs ninl eats and 
Ihoir wild relatives m the 8in(>>Ia|»an<~s» area, extending as far Ninth ns Prench Indi>- 
China This pjiecies lias nlNi Iwii obfainwl from the eat in Puerto Hico (Cram, 
IJliii) anti at New Orleans, l.a Koiiri (19t4) states that in cerlnin rural arras in 
Ciiha 100 i»rr rent of tliec.ats are mfeelial, alt hough in urban communities the wonii 
has not Ixtii found The ndtdf ►t.age is pnilaalih not mrectiie for man (FnU't, 
Cnmpix'll and Kellogg. Hr^*!) On the other hand, thrcpirgarmm i-tageof Ihi*, ninl 
several closelv rrlatr<l i-jwvies has l>crn fmind to It |«ra»itlc in man over a wide 
ari"! in the Par Pn't, the ii»iial t\{«-sof Iheinfcrtifml^ mg •iilTiit.aiirons and (Tiihr 
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sparganosis. Many Imndreds of human cases are “on record, including those from 
bouth China, Japan, Formosa, Netherlands Indies, and particularly Tonkin; the 
number of diagnosed cases with ocular sparganosis is on the increase in Tonkin 
(French Indo-China). 

Structure of the Adult Worm. — Tlie adult DiphyUohothriwn mansov,i, which 
is commonly a parasite of the small intestine of the dog, the wolf, the fo.-c, 
the cat, the wild cat, the leopard and the tiger, resembles D. latum in its 
general appearance, but differs from the latter in being much more delicate 
in its structure and in seldom attaining a length of more than GO cm. to a 
meter. The present author is in genera! agreement with Joyeux and Ilou- 
demer (1928) with respect to tlie points of specific differentiation of D. 
inansoni. The scolex measures 1 to 1.5 mm. in length by 0.4 to 0.8 mm. in 
breadth, is nearly quadrangular in transverse section and has the free mar- 
gins of the bothria well developwl. Tlie proglottids arc broader than long 
except at the distal end of die strobila, where they may be approximately 
square, and are somewhat smaller than those of D. hoiighioni. The testes 
and vitelJaria arc situated in die lateral fields but occasionaJJy coalesce 
anteriorly. The uterus describes three to five loops in its ascent from the 
ootype to the uterine pore. The three genital orifices arc all in the median 
line. The vaginal pore is much nearer to the male orifice than it is to the 
uterine pore. The eggs vary considerably in size; they measure 52 to 68.5 n 
in length by 32 to 43.5 In transverse diameter. 

The sparganum stage of D. mansoni is much larger than that of D. 
loiinu. Tile range of second intermediate hosts is very great, comprising 
various species of frogs, snakes, birds and mammals, including man. 

The Life Cycle of the Worm. -The life cycle of ViphyVMmum mansom . 
essentially parallels that of D. laUon, involving a eucopepod crustacean as 
first intermediate host, a vertebrate as second intermediate host, and n 
vertebrate as definitive host. The eggs (Fig, 141) are discharged frorn the 
parent worm and are passed in tlie feces. They require about five weeks m 
water to complete their maturity, whereupon they hatch and the cinated 
hexacanth embryo (Fig. 142) escapes through the opened operculum, 
ming through the w’ater with a l-^ofrox-like movement. In the even le 
erabrvo is ingested bv an appropriate species of Cyclops, Mesocyc 
leuckarti (Claus, 1857) G. O. Sars, 1918, Okumura (1919) has shown that it 
works its way into the body cavity of the Cyclops and become transformed 
into a procercoid larva, mile the experimental data obtained by Ukuir^ura 
undoubtedly hold true for D. viansoni, it is not unlikely that this invest 
tor was working with two or more species of Diphyllobothnum, i 
D. deexpiens and D okumvrai. Iwata (1933) has n . 

differentiate these several species of the subgenus Spirmc 
other, has concluded that they are all one species, ''’“ic i . icig) 
Priority should be designated as Diphyllobothmmennacei 
Jo.veui Houdr ' ""d thenrcbcnt author do not conau m 

this opinion. . 

by Yokogawa 

there is a group of several closely this work 

tinguishable, although with difficulty. Li (19-J) , Oriental species 

for // dcdiuens and ZP. mWand has found that several Oriental sp 
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of Cyclops are appropriate first intermediate hosts. If, then, the itifecte<I 
Cyclops is swallowed (in raw drinking water) by a frog, n snake, a bird or a 
mammal, the Cyclops is partially digested in the stomach of the host, the 
larva works its way out, penetrates through the stomach wall, and wanders 
along the peritoneal surface of the intestine, usualbv migrating to the deeper 
somatic muscles of the host, but at times lodging in the iliac fos‘«e, pleural 
cavity, the lumbar region (including the pwrirenal tissues), the urethra, etc. 
In these foci the larvre (Figs. 143, 144) become metamorphosed into the 
spargamim type, w Inch cannot be distinguished from the sparganum of D. 
latum except for its larger size. Here also it may multiply by budding, the 
number of asexual progeny being contingent only on the space and nourish- 
ment available. Bonne (1942) demonstratofi experimentally that the pro- 
ceroid stage of D. ranarum, an tntestin.il parasite of the cat in Java, when 
developed to maturity in local Cyclops, did not readily produce infection 
(t. c., sparganum stage) in adult frogs or toads. IIowe\er, when the 
infected Cyclops were fed to the tadpole stage of these amphibians, abun- 
dant infection was obtained. Similarly inoculation of the mature procercoids 
into mice and monkeys by the oral route pro<luccd spargnnums in these 



Tio 141,— tua; of PxfJiyllohothnum Fio 142 — hMafunUi 

hnughlonx or D mnntrtm. X 600. (Oriei- Mol»r>® ‘’t DxphyUd^irilhrium 
nal ) X 6CO (Oncmal } 

ho'.ts. Frogs unci snakes, which arc universally infectcfl wltli these spar- 
gamim larue throughout the Far F«ast, arc commonly consume<l hy dogs 
and cat.s and their wihl relatives. As f,ir ns is known from experimental 
evidcnct*. ingestion of the sparganum stage by an acceptable mammal al- 
ways pnaliK-es an intestinal and never n wmiatic infection. Otherw ise the 
spargjimim is digested. 

Epidemiology.— In so far ns is known, man is suso'ptilde to infection w ith 
the siMirganum stage only, nlthougb this may be acquired in one of at Ic.nst 
two wa\ s. It IsTvasonahletolwlieve.but not proved, that man may acquire 
somatic or visceral sparganosis as a ri’snlt of drinking raw w ater eontainiitg 
infected Cyclops. ()n the other hand, most of the many elinical cxisi-^ ol>- 
‘^'r\ ed in the Far Fast (French Indo-Cliinn. China, Japan) give a history of 
npp!\iiig the flesh of the st*coml intermediate host (usually a frog) ns a 
|)nulti(x> to an infl.umsl or Mippuruting surface of the body, (.loyeux nml 
Ilotidemer, 1928; Faust, Campbell and Kellogg. 1929). 

Pathogenesis. Pathology and Symptomatology. — (n) Thr AduU Il’orm.- 
Mntim- ^Iv^rgana of this s|K*ries inges(r<I exiwrimeutnlly by man have faihs! 
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to produce intestinal diphyllobothriasis (Faust, Campbell and Kellogg, 
1929), although the adult worms are common in dogs and cats in endemic 
areas. 

(6) The Sparganum.—'Yht more common method of infection, and the 
only one definitely proved for man, is by application of the fresh flesh of a 
second intermediate host containing viable spargana to an injured member 
or tissue of the body. On contact Tvith the warm human flesh the spargana 
migrate out of the poultice into the human tissues. A number of obser\a- 
tions have been made on the presence of unbranched spargana in the human 
host. These record the condition produced by the mature larva in the 



somatic musculature, connective tissue, or in the region | 

infection is due to the ingestion of infected Cyc ops, 

:= BmQlI .n that the micration of the larvre through t , , (jgyelop- 

eases and 

■ more and 

their channels in the subcutaneous ‘“"7^™“X.matons appearance and 
more extensive, the region assumes a “puffy ” “PJeals a slimy 

becomes very painful to the touch. V 

matrut, at times rvith a chylous exudate, niftm degenerated 

actively elongating and contriving, or m wmcn ^ ,^ee, 

into a caseous mass. Death of ii«e ji,e recovery of too un- 

flammatory reaction. Bonne (1932) report ponnc 

branched spargana from an infarcted pulmonary arterj 
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aii(l Lie Kian Joe (10-10), of a sparganum from the mtestinaf wall, ^fonkevi, 
and pips in Java are commonly infected w ith this same species of ‘ipargaimm 
(i. e., dcvelopinp in the intestine of cats into I), raiuiruiii). In 1947 the 
author identified a li\inp unbranched sparganum obtained by Dr. I. A. 
Robins of Baton Rouge, Louisiana from the sulicutaneous tissues of a native 
female ^\hite patient nho sought assistance for a pruritic dermatitis. 

Tlie presence of the larvre in the tissues in and around the e.\e (ocii/ar 
sparganoslt) is characterized by intense pain, irritation and edematous 
sw elling of the c\ elids, with excess Jaerymation. Subconjunctival infection 
produces a toxemia of the area and, at times, nodule formation. Retrobul- 
bar invasion leads to lagophthalmos and corneal ulceration. I'ibrotis con- 
nective-tissue formation around the parasites has not been observed. 

Diagnosis. — This can be made only after opening the lesion and obtaining 
the characteristic unbranchwl spargamiin larvse, ^\hich are frequently at- 
taclied to the tissue by tlicir suckers They should be distingiiishe<I from 
Sparganum prohfcnim (Fig. 14S), which is irregular in shape and usually 
branched. Those of the species mansoni (sensu stricio) can be differentiated 
from other unbraiiehed forms |/L decipienx (Diesing, 1850), D. er'mncei 
(Rudolphi, 1819), D. rnnarnm Mcggitt, 1925, 7L repinns Meggit, 1925. J). 


ho^fs, and careful study of tlie adult worms rcwvered from the intestine of 
these e.xperimcntal hosts. 

Therapeusis.~Tlus consists, wherever feasible, in removal of the spar- 
g.ina, draining and dressing the lesion. Cornet (1933) recommended the 
injection of 2 to 4 cc. of 40 per cent etb>l alcohol with novoeaiiic (free of 
I’pinephrin) to kill the worms in 'Jliey may then be reinmed or be 
iilliiwcd to be absorbed! Keller (10.17) slKx•e^sfully empk\\ed no\arscno- 
bonrol intravenously (30 to 45 cgins. per dove for adults, 7 to ]5 egins. for 
children) every four or five <lays for two to six iMlministrationv, for orbital 
infections. T.ir>orrhapliy L considcreil desirable in ocular sparganosL to 
preserve the cornea until the worms are abvorlird or are «lLcharged In the 
dressing. 

Proenosis.— Dependent entirely the position of the parasite in the 
liost’s b(Kiy and the ease with which it can Ik; rcinnvcsl without injury to 
vital organs. 

Control. — Boiling or filtering all drinking water in endemic areas; absti- 
neiKv from .swallowing ll^e tinliKdi-v. ami avoiding tlie locjil application, to 
ulcers or infi.imtsi nn*as, frogs or other sertebrates infectesi with '•{i.ir- 
g.ina. 

(»K.M's l)ll’I/>«.0N01XI«l - Ib'L’ 

(genus fnmi iJjrXAot, drmbic, repnKlnctive, rApoi, pore) 

Diplogonoponis grandis (R. IM.'imh.ml, !NU) I.fdie, 1S1>'). fnie dimlih- 
)Kinsl giant taiK-wnrm.) 

Synonym. ErnfJft ffrati'h* H Hlsnclrtnl, ISOI 

Till- iloiililt-jKiml |h,ctnli>ph\Hid«an tnjiewnmi Im Iss-n n'eTi%<-n-t| vi\ from 
mnn. in esrii iii't-tins* fmni Js|urn-s* TIm' ii'innnl nre ‘ocl to Is- 
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^vhales. ^ The complete ^vo^n measures from 1.4 to 5 9 meters in iength. The 
proglottids (Fig. 132, IS) are broad and short, measuring from 15 to 25 mm. h 
breadth by 0.45 mm. in iengtJi. Tbe genital pores and uterine openings are situated 
in paired ventral groove.s lateral to the imdline. The uterus of each of the two 

genital sets in each proglottid consists of only a few Innna TKn 

(Fig. 145) are broadly ovoidal, dark brown 
by 50 fj. in cross-section. The life cycle is 
second intermediate hosts 



Fio. 145 — Egg ot Diplo- 
Qonoporui (jrandis. X 500, 
(Original ) 


Vergeer (1935) baa discovered that Dipioponoporus- 
hkc proglottidsmay arise as a bifurcation of the genital 
primordia of species of DiphyUobolhnum. 

Pathogenesis, Pathology and Symptomatology.— 
Colicky pains in the abdomen, progressive secondary 
anemia, accelerated pulse rate (120), lassitude, alter- 
nating diarrhea and constipation, are all common 
symptoms of the infection. 

Diagnosis.— t*’'' ‘i-d -r {’ • 
or a ribbon of t* i • r .•:. >•! ! 

passed in the at-, w ‘I- i '* '■ 

P«rfie. 

Therapeusis.— 0/eorcam o/ Aspidium. as indicated for 
Z>. lalurn 

Control.— Unknown, but the historj' of one of the 
cases is su^estive of infection from salt-water fish 


Genus Digrajum.v Ciiolodkowsky, 1914 
(genus from 5b, twice, and ypannrj, line or streak) 


Digramma brauni (L^n, 1907) Joyeux and Baer, 1929. 

Synonym,— Diplogonoporus brauni L6on, 1907. 

Three specimens of this species of tapeworm (Fig 14G) have been recovered from 
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two patients in Roumania. - i*.i» *• . e ,f , 

ribbon, measures only 12 cr 
trans\ erse rings and the scol 

neck region is very inconspicuous. The genital openings, together w ith the genital 
apparatus for each proglottid, are paired Genital atria are said to be lacking. The 


I 

acquired bj' man as a result of eating raw, infected fish. 

Pathogenesis, Pathology and Symptomatology.— Patients harboring this worm 
are said to sufTor from anemia. 

Diagnosis.— Prom the recovery of the strobila or ripe proglottids of the parasite 
in the stool. 

Therapeusis. — 0/eoresin of Aspidium, as indicated for Diphyllohothrium latum 
Control.— Unknown, but the infection is probably acquired from consumption 
of raw frcsli-w ater fisli 

Gexu.s Liculv Bixicii, 1782 
(genus from Ugula, tongue) 

Ligula intestioalis (Goeze, 1782) Gnielin, 1700. 

Synonym.— /froiminjossej/enji* T^ion, 1908. 

This tapeworm, belonging to the subfamily Liguhrue of the family Diphyllo* 


patient. It is a fleshy, ribbon-shaped parasite (Fig. 147), 
measuring 18 to 20 cm. m length and 8 to 12 mm in 
hrendth The scolcx is triangular in shape and the two 
suckers possess shallow- grooves Tliere is no neck region. 
KNtcrnally the segmentation of the worm is hardly iiefceji- 
tihle, hut intcrn.slly it is distinct. On Iioth thedorsal and 
vent ml ••kIos there is a metlian longitudinal sulcus, extend- 
ing the entire length of the wonn. Tlie ovary is brancheil, 
with a single median stem. The testes arc arranged m two 


(Fuhrmann, 19.71). In the normal definitive host (xariou« 
^prcK‘s of fi'h-cating binls) the xsotm liccomes acxually 
mature in alioul twodays It is only an accidental {nraslte 
of man 

In n study of L ifilrinrialis and related s|ieciesor<iiph.\- 
llohiitlirids Snij til (10-10, 1917, 1948) has lieen ahletoile- 
\clop the worms aseptieally in niro in a f>eptone broth 
at lO'C., starting with thcsparganiimstagcremowlfrom 
the Ixsl.i c.xMty of infecteil fre-h-w ater fishes until matur- 
it> and dcjiosition of fertile eggs I>eginning alKtut the h*\ - 
enth «]ay of ineulnlion This worker lias ronclude*] that 
mrtalxjhc ^tlmulI resiiUmg in the rtinipleturn of dcvrlojw 
ment rnn-i-t |irimanly in transfer fnim a rehhvely r<«>l 
fiiMronmrnt, Midi a* exi«ts in the n(|uatic fi*Ii host, to 
a wanner eiiMroninent, Mich ns (hat in (lie Innl. 




Kill H 7 — tn- 
Itilinnln fsjn //rounui 
jaitirrnitt} niit,>rtor ciid, 

natural -ii*' (After 
l/on 111 Uruni|.l, 

Ho |■»ra.•ltnlllelo ) 
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Pathogenesis, Pathology and SyinptoraatoIofy.-“Diarrliea and headache,” as 
well as nausea and vomiting, are recorded sjTnptoms, 

Diagnosis.— From the recovery of the strobila m the stool. 

Therapeusis. — Olcorcsin of Aspidium is probably specific. 

Control.— Unstudied. One patient was a fish merchant, suggesting raw fish as a 
source of infection. 

LARVAL PSEUDOPHYLUDEAW CESTODES OCCURRING IN MAN 
Genus Spargakuih Biesing, 1854 
(genus from o-irapYai'oi' ribbon) 

Sparganum mansoni. See Diphyllobothrium mansoni (above). 

Sparganum prolifenim (Ijima, 1905). (The proliferating sparganum.) 

Synonyms.— Pfcroccrcus prolifer Ijima, 1905; Sparganum (Gatesius) proliferum 
(Ijima, 1903), Stilc<i, 1908 

This larval pscudophylhdean tapeworm was first recovered from the subcutaneous 
tjs«uej® of a woman living near Tokyo At least 6 other cases have been found in 
Japan and one (a fisherman) from Manatee, Florida. In 1948 the author diagnosed 
an additional case, that of extensive cerebral involvement in a Polish refugee who 
was necropsied in Prague by Professor Dr. Herman Sikl. 



'' rsion. 

s from 

• th-st 

the sparganum, and develop into new larvje. ‘ 

S. proliferum is a braiiclied variety of S mansoni ha%e^ tliousand" in the 
In the cases described the s|)argana were found hi ^ 

cutaneous tis«=ucs and the intermuscular fascup, a.s ueJl as in 
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mcntarj’ canal, mesentery, kidneys, Iung<:, heart and brain. Osseous tissues alone 
arc api)arently not invaded. On ingestion by exjwnmental vertebrate hosts, the 
mature S. prolifcnim larvjD are digested, but on experimental transplantation mto 
the subcutaneous tissues or peritoneal caxdtj'of mammals they live and proliferate 

The adult stage of the organism anil its life cycle are unknown. 

Epidemiology.— Unstudied 

Pathogenesis, Pathology and Symptomatology.— Nothing is known of the migra- 


indicatc the almost unlimited potentiality of asexu.nl multiplication The infection 
finally becomes so serious that the host tissue is transformed into honeycombed 
lesions (Fig 149), tbe p^e^ence of the parasites provoking noilulc formation and 
attempts on the part of the host tissue to wall off tlie parasite At first the affected 
area is edematous and yields under pressure When involving lymph cliannols the 
infection may produce an elci»hantiasis of the member Opening of each of tlio 
nodules allows the escape of from one to several w'orms, together with a waterj’ or 
chylous fluid I.atcr, however, the cyst wall Ixv 
comes thickened by the deposition of fibrous 
tissue, so that it is firm to tbe touch If the lesions 
arc subcutaneous, the body may lie covered with 
acneform pustules, which cau«c intense itching 
The deeper lesions produce les.s dcfimtc symp- 
toms but are the more dangerous 

Diagnosis. —On the expression of the cliarac- 
tcrlstic larva; from subcutaneous nodules of tbe 
infected indn idual. 

Therapousis.— Tlic multiple legions, usually 
involving the \i«ecra as well as the somatic ti— 
sues, make treatment practically ho|)cle«s. 

Prognosis -Grn\e, particularly where prim- 
ary centers arc invoUed 

Control.— Unknown, since tbe life cycle of the 
organi*-ni is unknown 

Sparganuzn baxteri Sainlmn. 1007. 

Tills sparpanuin. which is inorphologicnl- 
|\ iriflistifipiiNhabk* from that of 
iolhriinn vKiii.wni, was removal by Ilaxter rm tto — Hunisn nt-^h inrcrtwi 
fnim ail ali.c-c-.i in llic tliisli of ii iinti.o in 

Knst Africa. It niiij be the siiim* s|xx’ies ns iiiatcTiiij>ri-*piin><niyi‘rf>fi->virT 
SiHirgtiriiim viittiwni, or a closely ndatisl form. > 

A second case of sp.irg.iiiosis. inn native of Kntcbbe, L’p.iiida, Knst .\frK“a, 
has Ihtii reiMirted bj ilc Meilloii nml Ixxth (Ull'i). The patient underwent 
an ojKTation for rejiair of a riplit itipuiiial hernia, at which time tlircr* or 
four Miiall ikmIuIcs wcit* rcmovisl from coiinectixe tissue surrouiulinp the 
siKTinatie ronl as it p.isse«l fnun the exlcriial inpuitial rinp into the scnitum. 
One of the fKxhilcs <xin{.sine»I a whitbli sfurparititn .> to Kl rrii. lonp, nnd 
from nnotluT several pieci's of xjurpaiium were removisl. There was no 
e\idcn<r of iidditional foci of inb'Ctinn in the patient. 

Sptrganum mansonoldes (Mueller, llt.VO. 

In Mueller tle'(ril»e<l as a new sjMTies n Di/ifiijfMxif/irit/rfi of the 
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subi'cnus Spirometra, wliich has been recovered in tlie United States from 
Xew York to Florida and west to liOuisiana. Tlie adult \\onns de\eJop in 
the eat and less favoralily in the do;j, hut tin* holwat is believed to he tJic 
iini)ortant definitive host. Acceptable first intcrincdiatehnstsarespcciesof 
(\vcl(>i)s (M rgacj/cloikf Icuckarli, Mesocycloitx riridh and Dincyclopf hi- 
cuftpidaiun), in the hemal cavity of which the procercoids develop. The 
.sparganum or plerocercoid stage is found naturally in the water snake 
( Yo/r/x) and in the field tnoiisc (Microlus), anti is expcrinentally infccti\e 
for mice rats, rhesus monkeys, the ring-tailed /nonkey oral leopard frogs, in 
oral fee<ling of the sparganum. In these animals the larvie migrate through 
the intestinal wall to the muscles, where they reestablish tlicinselves. Uho- 
sus monkevs are also susceptible to oral infection witli the procercoid stage 
(Mueller. 10:i8). 

In the rliesus monkey the pr(*scnee of the spargana in the musculature 
provokes a fibrous tissue encapsulation, which tends to block lymph dniin- 
age, especially in the lower lcx*els of the trunk, producing an elepliantiasis 
of tlie dependent parts. In severe Infections there is also a terminal edema. 
In most e.vperimental liosts thespargnmiin infection provokc.sa lo to 35 per 
cent cosinopliilia. While there Is no record of natural human infection with 
SiHirganum VKiu.foiioidc.f, the Misecptilulity of tlic monkey to oral infection 
with both tlic proccrcoifl and sparganum .stages of the uorm "renders human 
infection very probable" (Mueller, lO'ISu), and e.vperimental human infec- 
tion has been demonstratwl by Mueller. 

Sparganum spp. » * r 

Tlirce cases of sparganosis in man have been reported from Australia^ 
Altliough tv, 0 of tliese cases wore reported ns liarboring Sixirganum wmiwin 
(/. c., Ihf/iriorrplialio* inansoni rel UguUndex), ('leland inclines to 
that tliey are specifically dliferent and that their normal host is a sna e 
monitor. Additional cases of human infection x'ith 

■ ■ 15) 

' ' • ma 


is/fub jjidicr. 
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THE CYCLOPHYl.LIDEAN CESTODES 

ORDER CYCLOPHYLUDEA BRAUN, 1900 

The cestodes belonginp to the Order Cyclophyllidea arc characterized (1) 
by the presence of four symmetrically arranged cup-sbaped suctorial pock- 
ets on the sfolex, (2) by the lateral opening of the genital atrium,’ Gl) In 
the absence of a uterine pore, and (4) by the complete development in ntew 
of the non-ciliated hexacanth embryo, which is housed in a non-opcrculate 
shell. The scolex is usually provided with an apical projection, the rosfel- 
lim, which may or may not be armed with hooks All of the human 
cyclophyllidean tapeworms lielong to the superfamily Teenioidea Zwicke, 
18-11, which is distinguished by having non-operculate eggs with one or 
more shell layers, non-ciliated oncospheres and four simple suckers ar- 
ranged symmetrically around the scolex 

Family ANOPWCEFUAUDJ-: CkoMlowdy, UXH 

This family contains many species of mammalian lapm\ orms, having an 
unarmed scolex and large unarmed suckers, but lacking a rostelhiin and a 
neck region. The only species known to occur in man are Jlertirlh fliulcri 
and ]}, murwnnla, two of the six speck's of this genns reconlcd from Pri- 
mates. 

Oenvs IJeutirll.\ Stiu> SN'D Il.sss^u., 1902 
(genus nainc<l for Dr. Paul Bert) 

Bertiella studeri (IJlanchanl. ISOI) Stiles ami llassall, 19tl2. (Bert’s 
tapeworm) 

Synonyms.- Bertia tatyri Blsiiclmrd, 1801; Jtertia ntudcri Blanclianl, 1801; 


rlhwp^ pl/grrylhru^, C mclitnn^ trhtmdlt ami llyMnies hootock, ns well ns from a 
dog in tiio riulipiiincs Several hiiiiiAn lia%-c l»een rejxirtwl, including four in 
Mniinlius (IManclmnl, 1913, Ad-sm-* and Welih, 1933, Adstii'-, 19i.'i), N>vcral otlicr* 
from Indua (Cliandlor, Mukcrji, I927,Ma|>l»~'toiio, 19.10, Roy, 193S), nnefrom 
Dell, Siun.itrn (Jiueuv nnd DolJ/ii’*, 19.31), wne fn*m St Kitto, Itriti'Ii W liidir» 
(Cnineron, 1929), and one from the I’liilipjnm** (Alnea ami (Jarcia, 10.3.'i). Other 
►IiecieH Ilf lirrtiflla reiKirfetl frnm maraquf-«, I«»1 xk>ii.« and the gihloni are ixi'-ihly 
all rrfcrahle ti> thi- H|>i*eio^ 

Morphology, Biology &tid Ufe Cycle. 'Hie worm lla^ a total Inigtli 
measureiiu-nt of alKiiit 273 to IHNltniti. mid a iiiaximuiii hreadtli of ]0 iiini. 
when relaxnl. The ‘.ub'-phe ric:il head (Fig. l-’itl .1) »-< di^tin(.lly vet off fnnii 
the mxk. It meanire^ l7.*i p in tran^\erM• diameter. .\pleall\ tlnre is a 

'.\n I, f.Hjn.l in tli»' *<'«'»• VBiIltnt. I***".!, in »lii'li llip 

ot-riiinet Brr ntuBlcl iim-IhII] on ih*- m-Ip 


(27'M 
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nidinicntary unariiu’d ro^tellum. Tlie CDnspicuous oval suckers measure 
220 hy ISO fi. The strohila at the insertion of the head has a trans\erse 
measurement of 27o p but narrows doun to 225 ti at a distance 2 nun. 
beliind the head where segmentation Ijegins. 

Tile mature proglottid (Fig. 150 H), which contains a full complement 
of reproductive organs, measures alanit 0 mni. in breadth by 1) 75 inin. in 
length. The genital pores alternate irregularly. The cresc-cntic ovary lies 
on the side of the proglottid in wliich tlie genital pore is situated, as do the 
“shell gland" and the seminal rm‘ptacle. The majority of the numerous 



rio 



150.— BerOW/a ituileri A, bead. X 52. B. mature pro 
and B. after Chandler. Journal of rarjo-itoloio'. c. 


.lott.il. X M. C. 'Ef f® 

adapted from Blanchard 1 


y 


testes are situated on the opposite the oot.epe 

and posterior lateral branches extends „„d more 

towards the aporal margin As the proglotti ^ portion of each 

gravid, the uterus comes to occupy an mcrcasinglt gre. ^ 

segment The testes and seminal receptacle how eie , p ,„tt!d5, 

siderable time. Finally the uteri usurp praet.call' »y.f P „ have 
w hich arc shed in groups of about two dozen. 50 p. 

an irregular, crinkled, oval outline, 1,511 jj dawn out on one 

The middle envelope is verj- delic^e. .T™ ” i,^ „ is now known 

side into a bicornuate apparatus. The successful (Adams. 

Direct feeding of the eggs to young pacaqiies ■ , . 1937), so in tins 

1936). As in the life cycle of Momezia ^ s^Hate hosts (Stunkard, 

infection certain species of mites ser\'e as 
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1939, 1940). Eggs obtained from gravid proglottids, ^lien fed to the 
mites Schehrihaies la^cigatiis and Galumna sp , batched and developed into 
cystlcercoid larvae in the hemal cavity of the mite. Tlie larva? are splieri- 
cal, ovoidal or pyriform, measure 0.1 to 0.15 mm. in cliameter and possess 
a small cereomer. x\ceidental ingestion of the infected mite provides 
e.xposure for the mammalian host. 

Tlic related species, llcrticUa mucronafa (Meyiier, 1S95) Ileddard, 1911, 
has been reported (Cram, 1928) as an intestinal parasite of man in Cuba, 
the patient having lived previously in the Canary Islands; likewise from a 
twenty-nine \ear old native worker in Sao Paulo, IJrazil (Pcssoa, 1930. 
1938). This species is also recortleil from the African chimpanzee {Pan 
sp ), from CcrcopUhe(ni.i sp., from Micetuii niger, and from the Paraguayan 
black howler {AlomUn enraya). 

Epidemiology . — V nstudied. 

Pathogenesis, Pathology and Symptomatology.~Unstu(lied. 

Diagnosis— On roco\ery of the eggs with the irregular, oval outline and 
peculiar internal shell; nr on obtaining chain-) «f the characteristic gravid 
proglottids. 

Therapeusis.— The worms arc evacuated after administration of okorcsln 
of A.ipuUum or carbon tetrachloride, as prescribed for Diphyllohothritun 
latum. 

Control — Unstudicfl. 

GeN' 1> I.VKUMICSISIFEK .I.VMCKl, 1010 
(genus from incnuii, unarmerl, capw, case, and/rro, to carr.\) 
Inermlcapsifer cubensis (Kouri, 1039) Koiirj, 1940 

Synonyms.— IlaUhctiua ciibnisi.t Kouri. 1939. It. louridortilnni* Dollfus, 
1039-1040; It. Incc/iemlarem Dollfu^. 1939-1940 

History and Geographical Distribution.— Tins tajwworm has been found to 
be endemic onls in Cuba, mostli in the city of Havana and eiiNirons 
(I’rovinco of Ilnbana, Matan/as and Pinar del Klo). Tlie fir^t case was 
di'.(x)\cri-d in 1935 and since that time there have l>cen many liozen human 
infections iliagnosed. Kouri (1944) states that there is possibK one valid 
record from I/ira State, Vciie/iiel.i 

Morphology, Biology and Life Cycle. — The mature worm (h'ig. 151, 1) has a 
total length of 27 to 12 em ami coiitaiiis .319 to 3<18 proglottids. 'J*lie 
un.iriiKsl soilcx measures 0 91 min. in traiisicrse s<Ttion 'I*he four suckers 
protruile imtiee.ibh from the margin «»f the Msilex; eaeli sucker has a 
fliaiueter of ai»i)ro\imatel\ 1S5 miemns (Fig. 151, J, .7). The mrk has a 
length of about :i mm. 'Hie in.ifim* pn»glottMls (|*ig. 151, .}) an* bn)a«ler 
tlian long (2 3 1)1 1 5 mm.), while the inon* distal, gravid oii«*s (Fig. 151, 6‘) 
are longer tlian bnud (3 to 3.75 by I to 2 iiiin.). Faeli pniglottid is j)n>- 
\idts| with a single reprcKlurtive sxstrm esmtnining Initb male ami h-iiinle 
org.Tiis The genital jxire an<l genital ntriiini are latenil in ptisitioii, mid wax 
iK'twet'ii tlie antiTior and jK»sterior plam-s of the {iroglnttid. 'I'lie cirrus 
|Kiiuli is I.'O iiii( runs long and csuitninsn muscukir {x-tiis 'Hie \as di fi reiis 
is tong and tortuoiiv In e.uli proglottid it is iM>-.-.ib)e to identifx 3-3 to I'l 
stinll t«-stc*s 'Pile oMxr\ and xitell.iri.i almo'*t csanplitelx c nc in le tin* 



CYCLOPIIYLLIDEAX CESTODFS 

to 175 mother ctr. can,,,!.. 

'rUe 1 ■ . ■ _ . ■ 5 . ■ " 

mediate i.oji v^iunkaui, ty-lij. 

information is available 

nge. An but one of seventy cases reported up to I9« were white. The 
patient usually harbors a single parasite but occasionallv there mav be 

h^it no m"tn nl' *''0 optimum 'host 

but no natural reservoirs have been found. 








Flo. 151 . — Jnermicapsifer cubentu. J. entire worm, 9, 3, scolex with protuberant suckers, 
4’ mature proclottid, S, young gravid proglottid. 6, gravnd proglottid filled with mother eW 
capsules, 7. egg capsule, 8, egg containing small oncosphere c. cirrus organ, cp, egg capsirw- 
d, va.s deferens; o, ovary, t, testis; a. uterus; tir, vagina, tf, vitellarium (After Kourl. Jour. 
Para-sitol , in Craig and Faust’s Clinical Parasitology ) 


Patbogenesis, Pathology and Symptomatology. — Apparently the worms 
are very superficially attached to the intestinal mucosa, producing no 
appreciable trauma or intoxication. The s.vmptoms are ne^rli/rible. 

Diagnosis.— This consists in recovery of the characteristic proglottifs 
in the stool, or in discovering the entire worm passed spontaneous^ . 

Therapeusis. -£r/roci of Afpidium and carbon tetrachloride have proven 
to be satisfactory in expelling the worms. At times they are passed spon 
taneouslv without anthelmintic medication. . , . , t *i„. 

Control. -This can not be undertaken until the epidemiology of tfi 
infection has been more adequately elucidated. 
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}\tmily MES()CESTOIDlD/E {Benhani, 1901) Fvkruiantt, 1907 
anemL Byrd and Ward, 1943 

This family of tapeworms is unusual among cycIophylHde.in sj)ec'k‘s in 
the following respects: (1) The genital atrium lies in the middorsal line 
rather than on the lateral margin of the proglottid; (2) there are two sepa* 
rate vitelline glands, (3) both pairs of longitudinal excretory tubules lie in 
the same dorso-\ entral plane, and (4) the eggs in gravid proglottidi are 
massed together within a para-uterme fibrous capsule. All described 
species of the family belong to the genus Mesoeesloides. The species M. 
variahihs ,'\fuclJer, 1928 has been reported as a hitman parasite. 

GkXUS MK‘^OCESTO^DES VlILI.\NT, 1863 
(genus from piaos, middle. «arot, tape and tido%, similar) 

Mesocestoides variabilis Mueller. 1028 

Historical and Biological Data.— This species was first described by 
Mueller (1928) from the gray fox ( Urocyon ctnereo-argentcus cabfuriiiciis), 
the spotted skunk {Spiyale phenax phenax) and the western skunk iMephiii.i 
nccidenfafia occidenfalif), all from California Mueller (/. c.) regarded the 
material from J/. occidntialii as a variant ami designated it ns M rarinhilis 
var. vinior ('handler (1942) reported this .same tapeworm from a dog and 
a raccoon in Nebraska and Kast Texas, and Byrd and Ward (1 943) described 
it from the opossum {Diddphis tirginiano), in Mississippi. Chandlor 
(1942) reported this same specic.s from a white child, 13 months of age, who 
had been treatoil for tapeworms by Doctor Henry Tucker, of Nacogiloehe.s, 
'Pc-xas. 

Morphology and Life Cycle.— Tlie co-type specimens of tins species 
(Mueller, 1928) vary in length from 5 to 8 cm , arc about 1 nim. in maxi- 
mum width and contain approximately 400 proglottids The M“ole.x is 
small, is well ditTerentiated fnmi the neck and is provided witli relatively 
large, deeply excavateil suckers. Chandler (1942) has descrilKsl the 
materi.d from man In this collection there were four scoliees but no 
intact strobila. TJic cstimatcif total length of a complete .stndnJa in 40 cm., 
the maximum width. 1.5 t«> 1.8 inm., with a total of nlxuit 4(K) proglottids. 
The sculices (Fig 152, J) measure 0.47 to 0.0 mm. in breadth b\ about 
0.35 to 0.4 mm in length ami arc separate*! from tlie neck b\ a di-stinct 
eoiistrietion. The neek is upproxiinntcly 7 to 10 mm. long; the mature 
proglottals, 1.0 to 1.4 mm. bniud, aiul tlic gravid oiie^, 1.7 to 2 5 mm. long 
by 1.25 to 1 6 nun. broad. 

Kxcept for soiiu’ of the testes nil of the genitalia in lioth tlie matim* and 
gra\i<I proglottids of ,17. writibilh lie inniialls to tiie pair of iniuT (main) 
longitudinal excretor.\ ean.ds (Figs. I."i2, B, C). 'Hie genital jKire (yp) is 
mwhan dors.d. alMitit juie-third of the proglottids length from Its proximal 
end, internallv the genital ixm> leails into a ll.isk-sliiiiHsl atrium. 'Hiere 
are 15 to .Vi li‘'«tes (/) on eaeh side of theiii.'itmvM-gmenl; they are nrrangnl 
more or Icns in broad m.ss'-es ventral to the imiiii i-xcn’tory eaim! vlnglr 
\as efferens (rr) ariM-s from the inid*n*gioii of each gnuip of te'tes and 
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proceeils medially to a position immetliatelj- anterior to the ovarv, where 
It joins Its mate from the opposite side to form a dilated vas deferens (rrf). 
After convohited loopmp tliis common tubule enters the cirrus sae (c) and 
IS contmued as the dilate<l seminal vesicle (^e) whieh opens into the genital 
atrmni Ihe tniisctilar cirrus organ, whieh is surrounded by prostate 
glands. IS the outer jirolongation of the seminal vesicle. The ovar\ for) 
IS fnlateral and each lobe is somewhat constricted medially; it is situated 
in tlie posterior part of the proglottid. A short oviduct, arising from the 
isthmus of tlic ovary, procewls posteriorly into an odcapt (oe). A pair of 
vitelline glands (I'lf), situaterl slightly lateral to the outer portion of each 
ovarian lobe, discharge yolk cells ivhich are carried in transverse ducts 
(vit (!) to tlic mid-line liehind the oocapt. There they fuse and proceed as 



a common duct, to join the duct arising from the oocapt anc ' , . ^ 

before opening into the uterus. The vagina (ra) has a ra er .. i]|^g 
course from the genital atrium to its junction with the 
duct. Mchlis’ gland (sff) surrounds the inner end of 
uterus (uO loops several times before arnying ‘it ^ swollen, 

vioinitv of the cenital onre. In the gravid proglottid, ^ 
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loiifiitudinal plane, measurinp 400 to 530 microns in length by 320 to 3fi.> 
microns in diameter, and contains an egg mass nearly filling the resiervoir. 
The individual eggs in the capsule are ovoidal, measuring 24 to 2(5 by 
20 to 22 microns. Tlie exact method by which the eggs escape has not been 
described but it seems likely that this ocairs on rupture of the capsule. 

The life cycle of Mesocestoides is verj' imperfectly known. Viable eggs, 
evacuated from the definitive host and escaping from gravid proglottids, 
serve as a source for infection of the first intennediatc Iiost (as yet unknow n 
but believed to be an arthropod). In this host the oncosphere probably 
migrates out of the midgut into the hemocelic cjjvity and de\ clops into a 
first stage larva, which is ns yet unknown. On ingestion of the infected first 
liost a second intermediate host (\’arious .species of reptiles, amphibia, birds 
and mammals) acquire the infection and the organism develops into the 
second larval stage in the extra-intestinal tissues. This Iar\a is the tclra- 
thyridixm, a plcroccrcus type with a somcwliat bulbous anterior end con- 
taining an invaginated head with four suckers (Fig. 152 D, E). It mea- 
sures from a few to many millimeters in length. If the appropriate defini- 
tive host eats the infected tissues of the second mtermctliate Iiost, the 
worm develops in about two weeks into the mature strobila in the small 
intestine of this host. Ilowexer. if the third host is not entirely suitable 
for the worm, the infection may be lost, the worm may develop much more 
slowly or never mature, or it max migrate Into extra-intestinal tissues and 
remain in the tetrathyridium stage. In this respect its development is 
similar to that of species of Diphyllobothrium, Mibgemis Spiruinelrn 
irtdc supra). 

Epidemiology.— Wry little K known about the way in whkh (he definitive 
host nctiuires the infection, but axailable cxidenw suggests that it is due 
to eating the tissues of the secotui intcnnwH.ite ho>t eoiitaining (he tetra- 
thxridium-stsige Inrxa. Human infection is inchlental in the pro]).igatioii 
<tf the life e.xele. 

Pathogenesis, Pathology and Symptomatology.- The single limnan Infee* 
tion rei>orted was in an infant, tlurttrn months old, who had hi'en ill for 
two to throe months, was sufferiug from |MH>r aiqietite, '•p.dii in ’the 
stomach,” loss of weight and xxas p.issing long ribbons of tapeworm. 

Diagnosis.— This is based on deinonstr.itioii of tbe ehar,u terist ie gnix iil or 
mature proglottids in the stcKil. 

Prognosis, -riistiulixsl 

Therapeusis. — flfrorr.sin tif Asptdiutn lias been flenioiistratc-d to be rel.i- 
tively specific for tins infection. 

l^ntrol. — rnstndiecl 


Family 1)1 l.l'I’IDID.K Fuhrmann. rmnid. I.inrinniir, 

Tills ••yeloplicllideau faiiiilx of laiK-xconns is cbanuterircsl li\ baxin^* 
sinkers ariinsl or iiiiariiKsl. a rostelhim, xxhru jireMiit, pnnhlnl with 
booklets, aiiil a iitcnis more or h^s.vsnectilateorramifiisl. either breaking’ up 
into maiix ocifcnnis capsules or pmxichsl with a para-titerine organ wlinli 
nsTices the eggs 'llie fatnilv rniit.iilis one sihxics. Ihin/luliiim niintmm. 
wlinli IS from tune to lime a limnaii iKir.isite. 



cvcwnrYLUDi-Ax ckstodi:.s 
(Jt:.vc.s JJinummr L^:L'CKAUT, 

(f^mts from Sit, tu-o, jiiid vvMs, gate) 

Dipylidium caninum (Ijona-us, J7">S) Ifajmet, JS92. (The doub/c-pored 
<log tapeuorni, causing dipylidiasis or dog tapeworm infection.) 

Synonyms.- Tstnm canina IJimaais, 1758, pro pfirle; TxmaTnoTiiliformisra]!^ 
J781, T.mia rusurnmm nioch, 1782; Txnia adeniformig Goeae, 1782 proparlJ- 
Txmn elhptica 1780, Txmn cuneiccpg Zeder, 1800; Dipylidium cucummnum 

{Bloc|i, 1782) Ix!ijckarl, 1863, prolwWy nl ‘0 D. eankum I/Opea-Xeyra, 1927; D. 
farnc/(/o«‘ Ix)j)cz-Xcyra, 1927; D. mli Xcumann, 1890; D. compndum iMilzner, 1926; 
I) crogsum Milzncr, 1926, D.diJfMum MjJzner, 1926; D. i7raf//(’iMjJz/j(‘r, J92C;A 
/lof/i Tiihangni, 1925; /J- longulum Milzncr, 1926; D. porimamtUanutn Lopez-Xeyra, 
1927; D. scxcoronaUm v. iMtz, 1900; D.icalk-eriSomlhi, 1933, In addition, the ffen- 
orn ^lli/scbmndii<,iZc<lcr, ISOO, //o/ysi* Zeder, 1803,an(h1fjfroten?aSedg\\ick,lS84, 


I 

Historical and Geographical Data, -Tins common tapeworm of the dog is aXo 
frequently found in tlio cat, tltcnild cat, {Fclis gihrsMs) tJjc;ungle cat (Fflucoluj 
foiw/mitina), Fdt* coltn ocrcato, the fndbn palm cat (Paguma Jcucomi/slaz ?rayOi 
the civet cat, the hyena, the jackal, the dingo, the/ov, and from time to time in man. 
niackio (1932) found this norm together with Ilgrricnolcpisdiminuta in n native girl 
in f'outliorn Rhodc'i.a It is re{)ortcd sporadically ns a human j'arasite in Moraw 
(KuJera and jirovee). The author has <liagt) 0 *etl it tlircc times in Xcw Orleans 
children and Sunkes and Sellers (1037) in n four-year old Lny in Atlanta, Ga. 


Structure and Lite Cycle.— The worm, wliicli lives in the small intestine, 
eon.sjsts of a strobifa oomposor! of clliptlcfil proglotthls and measures from 
100 to 500 mm. in leiiKtli. Tlic head (Fig* is small, rhomboidal, has 
a transver.se diameter of 300 to -KK) ft, and posse.sscs four deeply-cupped, 
ovoUUvl suckecis and a mc<Uatt> anterior, clu^shaped rostellum, the latter 
being capable of protrusion to a lengtli of JS5 m ur of complete invagination 
info tJu* head. 'J’he ro-stellnm is arnierl with 3 to 7 circlets of spine.?, each 
of wliieli has a short, curved arm an<l a harge, rounded base. The anterior 
series are the largc.st aiul the p<»sterior ones tJie smallest. Tlio neck snor 
and slender. The immature proglotticls range from those are 
than broad to those that are seprarfsh. 7 'bomatureproglottjds frig, lo 1 
are longer than broad and begin to assume the characteristic pumpkm*se 
shape. 'i'hc.\' arc provificd with a double series of reproductive organs, 
with a genital pore on eaeli lateral margin. Ileceptaeula scmmisare wc mg. 
The gravid prog/ottids are distinguished by the unique character o 
uterus which has the appearance of a polygonal block ^vork tiroug 
median field of each segment. ^ ^ „ 

In each uterine pochet there is a eroup “f 8 to !o “elo 
mother embryonic membrane (Fig- 153(7). The egg-' ( a 
spherical, measure from 25 to 40 p in diameter and are 
delicate l>rick-red, which B''’« “ ‘ ” 

Tlic delicate liooklets measure 12 to 15 fi m length. iT g • 
become separated singb' or in groups of or more from p* 
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and frequently wander out through the anus. Their disintegration in the 
bowel or, later, on the ground, liberates the groups of eggs which are usuall.\ 
found within the intact mother envelope. 

The eggs are ingested by the larval stages of ectoparasitic insects, 
particularly the dog flea, Ctenocephalides cants, the cat flea, C. fells, and the 
human flea, Pnlex irritans, which frequently lives on the dog. The dog 
louse, Trichodectes conw, has also been incriminated as a suitable host of 
Dipylidium, although Zimmermann (J937) considers that the species is 
not D. caninim and Stewart (1939) states that it is D. scxcoronatiim. 



flo 15.1 mfii/miri A wIpi. «rcaH> (n'S[<tP<l from Slito). ll. 

niMurp proelottxl. piilarcpd (oriKinal). pk rlu'lpr in pm»>r>-otiiP wiPml>ninp (*ftpr 
O. iiiiikIc Piut X nXM) <nrisin»l). E. pj^Urprmid Riratly pnbrRtsI. (after Cra.'vi and 

nnipMi in nraun.Spirprt. Uip iicnwlipn Varvilpn il« Mpii*rl»pn) 

If Venanl is corrci’t in repinling IK srjxiiranntum ns a s\ii(»ti\tii of 

/>. then T. catiif must !>c Hst«l ns nii nrthrojHxl host of I) 

mtunum (?ras.si and Kosclli found that the ej;r> hatch out in the gut of 
the mvif anil ixMietrjttc into its hrmni ravity. when* they lK*eonie meta- 
nioriihostsl into e\'tieercoid larva* (Hg. IW /.*). l.irin* ijiatun* in 

this IrKtitioii and an* traiisfernsl to the mammalian host when the ndiiU 
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insect is accidentally ingested. Ifore recently Chen (19341 li.is st.ulH 

the complete iustory of **■ ' 

iiow ainehocytes and ot • ■ ' 

flea frccpiently attack vowtg worms and de'>troy them. The hi^h 
mortafity of fleas during the migration of the young cvstic-ercoids through 
the ilea larva’s intestinal wall and later during the pi/pa) itage of the insect 
IS apparently duo to damage caused by the tapeworm larva?. On digestion 
of the parashixed insect in the intestine of the mammal the cysticerooid h 
liberated, attaches itself to the intestinal mucosa, and completes Its 
development. 

Phe infection in dogs and cats is cosmopolitan. In man several hundred 
cases arc known from Germany, Denmark, Italy, Switzerland, Xorway 
Sweden, Austria, Ifolland, Franco, England, the United States, Colombia 
(one record, Patino Camargo, 1940), >Icxico (in an infant forty days old, 
Ceri’antes, 1940), the Piiiiippinos, Japan and China. Most of these human 
infections have been reported from children. 

Epidemiology.— Human beings who have harbored Dipylidium caninum 
almost invariably give a histoiy of close association with dogs or cats 
^^ln'ch are worm*infectcd and flea-infested. Exposure is probably due to 
swallowing fleas infected with the mature larval stage of the worm. 

Pathogenesis, Pathology and Symptomatology.— Dogs and cats may harbor 
large numbers of tlic worms without appreciable symptoms e.xccpt cmacia- 
tiem and colic. Human beings are seldom infected with more than a single 
worm. In small ciiildren, wlio ore most commonly parasitized, slight 
intestinal tUstvirbanccs an<l toxic nervous symptoms may develop. 

Diagnosis.— On the basis of finding the gravid proglottlds in the stool or 
migrating out of tlio anus; or the finding of clusters of eggs in the stool. 

Therapeusis.—D/f orc^/n of AipiJium, as administercrl in I}iphd<^ 
bothrum Idium infection (p. 2Gb). In two patients who harborw this 
parasite, the present autlior advised the use of tctrachlorcthylene, 
miniins per year of age, with preceding anil post-treatment saline purgation. 
Follow-up examinations were negative. ' n( 

CouttoU— Human iufecUon usually results from aeeidcntal ingestion 
the infected insect hosts wliile fondling dogs or cats infested with w' 
ectoparasites. This is particularly true for small children, who are ) 
most common group infected with this species. 


Famili/ DAVAI^"EJDAi Ftikmann, 1007 

This family consists of se\eral genera which are parasitic in the digcitne 
tract of birds and mammals. Its members are characterized } . 
numerous minute booklets on the margins of the suckers as we , 

three rows of hammer-shaped hooks on the rostellum. Kepresc 
several species of llaillietinn have been reconlcd from man. 

GENUfe llAiixintiXA FcimjrA.vx, 1920 
(genus named for Professor A. Railliet) 

Raillietina madagascariensis (Davaine, ISGO) -loyeux and Baer, 

(The Madagascar tapeworm ) 

Synonyms.- Txma madagascarien^is Darame, 

(Davainc, 1809) Blanchard. 1891. IJoyeuxandBaer(U-9;^‘«f^ 
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referred to as “Davainta madagascaTiensis,” ewn from the type locality, belong to 
more tlian one specie'*, all of which they place in RaiUietim \ 

Historical and Geographical Data. — First disrovercd by Grenet in children at 
Mayotte in the Comoro'*, '*cveral cases of human infection with this worm arc now 


nonegicvs, 8 62 per cent in R rattus) 



I III 151 HaiUuhm ntmhvjmfnneHi^t ,1 emulj clitirctsl (nflor nlinr|inr<l. in 

llniniiit. l‘r/ci» etc I’niU'iloIoEii’l H fiiitiirr i^roitlntlicl X HO silifitnTion <ffT>ni 

<}nrrix>ii) f niiliirr oek X r/n) fr«ni <»srn"»inl. 

Structure and Life Cycle. The worm i-»2l to.Tl<-ni. long ntid \rr\ n.irniw. 
with a matiimiin bre.iillli of iimi. 'Hie Mt)le\ (Fig l.'il.l) has four 
dii-ph r\<-avatisl. closely M’t. ciiji-shaiK**! suckers, wliilc irowilnl l«-|ween 
them at the anterior end of the ImmiI isanisliioii-vhaj>etl rostellum |)n»\ t'le»l 
w ith alKiut ‘.HI to I II) ItiMiks ill two rows. ‘Hien' is a inarkeil eonstrii tmii 
iK-twifii the he.id and the Imt no iii'c-k n*gion. 'Ha- niiterior nn- 

vgnnntisl jHirtioti of the wonii is slightly linudtr than tin* la.id. Tlnn 
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lire altogetlier from of)0 to <(K) proglottids. ^J’lie immature ones are very 
narrow, the mature ones a!>oiit one and a lialf times as broad as long, and 
tile gravid ones nearly twice as long as broad. Kach proglottid (Fig. 154B) 
contains only one set of rcpriKlnctive organs, tlie genital pore being situated 
laterally near tlic pro.xinml margin. A receptacuhim seininis is present. 
Tile uterus consists of a mass of coiled tul)ule.s, winch completely fill the 
entire gravid jiroglottid. Tliese colls are crowded witli 120 to 150 mother 
capsules, eaeli enclosing one to tlirce eggs. 'Fho eggs (Fig. 154 C) are 
elliptical or spindle-sliaped, measure oO to 0-1 n by 19 to 2.‘i /i, and each 
contains an oneosplicre measuring 8 to lo y. In diameter. The latter has 
tliree* pairs of binwt-shaiKvf booklets. 

Tlio life lii'story of the Jirgminm is iinknowti hut it is believed that cockroaches of 
the genus Pcnjilancta hcr\c ns latemaslintc hosts 

Epidemiology. Unstndieil. 

Patbosenesia, Pathology and Symptomatology.—Unreixirted. 

Diagnosis.--Ibi?e<l on the recover}' of the chiinicteristic proglottids or eggs 

Thcrapeuaia. — Okorcsiu of Astpulium Is prob-sbly cITective. 

Prophylaxis.- Unstudicfl. 


Raillietina celebensis .lanleki, 1902. ('I'lic Celebes taiieworm.) 
Synonyms. - ninea /orwosann Aknslii, 1910; RnillUtinn fomosana (Aksshi, 


1910) Joyous and Ilaer, 1929. 
Biological and Geographical Data. 


«>utuK>v»t Aim «Bwnaiiuiva» This >.j>ccics has bocii reported from ® 

m Tokyo, Jajwm, and from one in Fonaosa. Its reservoir lio«t is the rat. 
from R inadagatcnncMis in IrtJing pomcttha 
tngly larger number of pcgmcnts (more tliai ‘ • 

Mickorfi, and in having a larger number of 

containing at most four eggs. The eggs are al'O much larger (UU by*n> »*^ 
oneosplicre is 12 by 14 ^mdiamctcr. Tlic life cycle of the worm is unknown, 
exact status of this specimen remains sub judke. 

Epidemiology.- -Unstudietl „„ ;„fpntp(i 

Clinical Data.— Nothing is known of the clinical IiKtor}’ of the perso , 
except that one worm was (wssed .sfHmIaneoHsly after administration o 

Kaillientina (?) asiatica (v. Liu^tow, 1901) Stiles and Hassall, 19-9. 
Srnonjms.-T'a.m.. nsral.ca v, Li.i.to>v. 1901; Dmamm «3mhm (v. Lmslow, 
1901) Braun, 1903 rnnsi..tedofa 

The specimen, on winch this doubtful detcmunation was m > 
worm, w-itli about 750 proglottids but without hca^.o^tamc ro . themany 

bad. Northern Iran. The egg cajisnles numbered 60 to lU ineMzc 
eggs crowding cacli cajisule is not stated 


Raillietina demerariensis 


(Daniels, ISfl.'.) Dollfus, 1939-ll)« 
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(1922) from nine patients (5 ^\omcll, one man and 3 children) out of 194 examined 
m the vicinity of Quito, Ecuador. I>e6n (1935) described the Ecuadorean worms as 
new (R. quitensis), while Dollfus (1939) created three new species from material 
sent him by Lc6n. According to Kouri (1944) all of these tropical American 
Railhetinas should be regarded as one species, R. demerartensjs. 

Thus far R. demeranenais has been reported from Dritish Guiana 
(Daniel's one case), Ecuador (Alvarez Crespo, 1944 states that I.,edn found 
5 per cent incidence in the population of Mncliachi, in the environs of 
(^uito) and in Cuba (3 cases, reportcti b> Kouri and Doval, 193S as R. 
Ill adagasca nenai r) . 

Structure and Life Cycle.— One of Daniel's specimens had n length of 
23 cm. and possessed about 320 proglottkis I^n’s specimens measured 
up to 10 to 12 meters in lengtli b\ 3 mm in breadth. The suckers are 
ovoidal, less than 0 5 mm in diameter and are engirdled hy a row of 
persistent booklets. ApicalK the scolex has a retractile rosteljiim. with a 
double corona of booklets. There are approximately S.fKin proglottids, of 
which the less mature ones are squarish (2 mm ) and the gravid ones are 
longer than broad (3 5— i 0x3 mni.). On separation from the strobila the 
gravid proglottids assume the shape of a rice grain Each ripe proglottid 
had 7o to 250 polygonal egg capsules, which, on liccoming free fmm one 
another, assume a spherical contour about 200-250 p in diameter. Each 
capsule contains several eggs (7 to 9. rarelj fewer or at times as many ns 
12) Tlie eggs are ovoklal to subspherical, measure 25 to 40 in greater 
diameter and contain conspicuouslv large booklets. 

The life cycle of this p.irasitc has not been ehicid.itcxi. 

Epidemiology. — Essontiallx unstu<lie<l. In the enxirons of Quito tills is 
a relatively common infection of man. 

Diagnosis.— 'fins is liascd on rccovcrx of the cliaracterNtic gra\id 
proglottids eviicuiitcd from tlio liowcl 

Clinical Data.— It is refiortcd that the patients arc seriously afTectisl hy 
this parasite, experiencing alKhmimai pain, uausca, Hatulenec, diarrliea, 
vertigo, severe headache and mental dullness. Kxa-licnt results were 
obtained in Ecuador following the administration of calomel purgation 
aiul extract of Aajndiuvi. 

Control.— I 'nstudied 

Family IIYM FSOl.KVUflP.R Rmfltet and Ilenry, HXlH 

'I'his famih (x)titains a icr\ large iiumlK*r of .species oeciirring in the 
intestinal tract of hinis and inamm.aN The worms have pn)glottids 
UMiallx l)r(t.id<T than long The iilerus is sjic-Hke and i)ei>lstent. The 
tnajorif \ of the siKM-ics ha% c an in^xi ns iiitemusliate host, but a few sjK'ek's 
r(S|uire onl\ the xertelirate in which lo complete the entire life cycle. 'Hie 
••iweies reportisl from man arc Jlt/mennlepia iinnn, //. diminuta and 
DrriKiiiidiita'nia lanrmlafn. 

(tl.Ms WuSI.WIl, IS.W 

(gx lilts from iiteiiihninoiis. an<] Xirit. shell) 

Hymenolepis nana (\ Sielmld, 1 * 02 ) in.iii<har(l. IS'M. (*]1ie dwarf 
tajM-worm. txnjNiiig h.x m« riolepi isis n.iii.n or d«urf l.six-worm infis tion.) 
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Synonyms.— Ticnia murina Dujardin, 1845 (ncc Gmelm, 1790); Txnia nana 
V. Siebold, 1852; Txma xgyptiacn, Bilharz, 18.>2; Diplacanthus nanus Weinland, 
1858; Ilymenokpis fraterna Stiles. 1906. 

Historical and Geographical Data. — The tapeworm of man was discovered 

by Bilharz, in 1851, in the small Intestine of a boy who had died of meningitis in 
Cairo. Since that time it ha? been found to be fairly cosmopolitan in its distribu- 
tion, although it i? perhaps more common in w’arm than in cold climate**, and h much 
more frequently a parasite of children than of mature individuals. It is the most 
common human tapew orm in the Southern United State-*. The follow mg percentage 
incidence of infection has been reported 


from Latin American countries; Argentina, 
^ 5.91; Colombia, 0 38, 

Costa Rica, 1.38; Cuba, 0 07; Chile, 0.17 to 
0.00: Ecuador, 4.35 to 6.94; Haiti, 0 16; 

“ 70 - n AO +n 1R2; Ven- 
■ . It is fre- 

Pacific islands but it rarely occurs in Guarn. 
ft Stoll's estimate of world incidence (1947) is 

" I ■’"' ' 20.2 million persons, mostly in the U. S. 

S. R. and Asia. The common dwarf tape* 
I worm of the rat and the mouse (Hymn- 

ofepis TKUin var. fraterna), is morphologic* 
ally indiHinguishablc from H. na«o ? vl?” 
but is physiologically different, so that the 
murine form produces infection nonnauy 
only in rats or mice and the human form 
normally only in the human host. 

V Stractuie of Ite Adult Worm. -The 

k entire worm (Fig. 155rl) has a length 

measurement of only 25 to 40 nun > 
^ C its maximum diameter does not 

^ usunllv exceed 1 nun. In general 
W size of the strobila j^ mversclypi^* 

rro. 155 /i.foin- portional to the uuii^er o 
piete fctrobiia. X 10 (orifjinab. B. JifsjJ. (h the host. The rhomuo a 

greatly enlarged (after Blancliard. m U ,c-n\ a transverse 

Brumpt, Precis de Parasitologie). C. eg?, head (1 1^- « oi> is 

X 4C6 (after Joyeu*. in Brumpt. Pr6«8 measurement of aooiir , 

de rara..itologie ) provided with four hemispherical sues 

ers SO (X in cross-section, and has a 

sliort rostelium armed with a single circlet “I 20 to 30 

long and slender. The most proaimal ' a maximum 

successively more mature are longer g length hj' 

C) are spherical or subsphcnca , 
nd^ in addition ‘I*' 

membrane, have two membraneoM fo S long diM'l- 

polar thickenings, from each of which there n i ^ ^,,. 1 , ,„ok 

like filaments. These filaments are rasily seen “ ‘ oncosphrro 

difficult to demonstrate in preserve k ; i,o„Mcts of the onw 

ineasurcs 16 to 10 a in diameter. The three pairs 




rro. 155 — «flna A.cntn- 
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sphere are lancet-shaped. The terminal proglottids either begin to dis- 
integrate ^^h^le still attached or drop off from the worm one by one and 
disintegrate, so that the eggs are recovered individually from the stool. 

The Life Cycle of the Worm.— Tlie life cycle of Ibjmenolcpia nann was 
first studied by Grassi and RovelH (1887, 1892), who fed gravid proglottids 
of the rat parasite to uninfected rats and found successive states of develop- 
ment in this host, until, on the thirtieth da\, eggs appearctl in the stool. 
These experiments, showing that no intenncdiate host was required for the 
complete development of the parasite, were later confirmed by Joyeux 
(1920) and Woodland (1924). On the other hand, Ilacigalupo (1931) has 
provided experimental evidence th.at certain fleas {Clenocephalides canis, 
Xcnopiylla cheopia and Pulex irritana), as well as certain beetles (Tenebrio 
inoUtor and T. obscurvs), are capable of serving as intermediate hosts and 
transmitting agents of the murine \’ariety of this worm in .\rgcntina. 



'riie iiMial life (\<li-. whith »h illiistratcfl in ficun- loli. in\()l\i*s itIge^tlotl 
of recviith m the fisv>. tlicir batching in the duod«-mim. 

fK-rH-tmtiori uf flic freed iinai-pheres «ili> the strom.a of llic iliiiMicnnI or 
icjurial villi am! their tnu]'fonn.atinn into the larval sf.nia* (rrrrryi/«/w). 
CM-.ijw of the II reiK > vts into the lumen «f the small ImiwcI. their at tailunent 
to Ibe muc«i'.i and dc\eIoj»ment in alamt two wtrks into ni.itim’ stnibilie. 
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ms). rims, iniin serves Ixrtfi ns flic larval and definitive host anil onlv a 
Single uunvidiml is employed in n full life cvclc. 

Gr;i«i first spmisurcd the ™,v that 11 ,^ rat and Iiunian species i 


,, ‘ - uiitvijii^ luis iiiiu iniee, 

ixs well ns a monkey and a child, aged four years, with eggs/mn the)wmn 
Iiost, nlthougii lie was not aide to infect liimself, Kirihayashi (1933) has 
also infected oliifdren xyith eggs from a murine strain, anil lias discovered 
no essential inorpfiologicaf dilTcrcnee hetxvccn worms from the two strains. 

oodland’s rcsult.s (1024), in infecting mice (7 ont of 30) with eggs from a 
child s stool under carefully controllcil comlitions, also support the identity 
of the human and rat varieties. TIh'sc experimciit.s indicate that reciprocal 
infections can be HcrnwpJhhef) aw/J pr/dwhly /}/> occur at tima :n Kutiire 
U’orking witli two murine strains in nits and* mice, Shorh (19.33) found that 
tliero was an initial resistance to infection during the nursing period, which, 
liawevcr, was soon lost; that there was a gradually developed age resistance, 
and tliat there was definite reslstaiict* to superimposed infection. Shorb 
also discovered that an inadequate diet reduced resistance to infection. 
I'urtlicrmorc, these two murine strains were physiologically ns dilTercnt 
from one another as they were from (he human .strains. 

Epidemiology. — Kxcept for pos.sihlc liumnn infections acquired from 
murine source's, man is the .source of lus own dwarf tapeworm infection. 
^Yitll(n^t question tlie usual transmission is a direct linad-to-niouth con- 
tamination. ns Keller, Leathers and Bishop (1932) have dcmonstratwl 
for Tennessee, where they found an average incidence of 2.9 per cent in an 
examination of 31.099 indiv'iduals an<l a maximiini incidence of 3 0 per 
cent in the 5 to 9 year group. Jn a heavily infected aborlgmes population 
in Formosa, ^Iazcozoko (10.35) found 28.fi per tent of the children between 
two and five yenr.s old parasitized hy this worm, 44.0 per cent of the six 
to ten year group, 10.7 per cent of the eleven to fifteen year group and 
3.G per cent le'ss fnr the older croups. Keller and Leathers 
survey of 44 ■ ■ 'I 

with 0.5 per ■ ' ’ ■ 

tina ("nstc.v ■ ■ ‘ ; 

in Bueiio.s Aires infected, while Bacigninpo (1932) rcporteii a 
incidence in cliiJdreii of tJic same city. 'Fliere is a tendency •_ .. 

of infection to be higher and the worm hunlen higher in children wi i 
family or in an asylum than in the general population of tiic ‘ 
group in the community. Occasionally there is fairly convincing 
stantial evidence that internal reinfection is taking place. . , 

Kggs) freshl^v discharge! from the Iwwel liave been found o e ■ 
optimum stage of viability. .„t. iimnenokins 

Pathogenesis, Pathology and Symptomatology.— Althoug i y 

nann is the smallest of the human tapeworms, it may give oj. 

nervous or generalized toxic symptoms, particularly m S tjents, 

when the parasite is present in Inr^ numbers. I" hsomoia 

abdominal pam, with or without diarrhcm S ft'.,^nipiiii- 

and dizziness are recorded, and eosinophilia is quite a c n « i 
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ment (8 to 10 per cent). In p.atients ith only a few worms there are ustialh 
no clinical manifestations (Wang, 1938) 

Diagnosis.— This is based on the presence of the cliaractcnstic eggs in tlie 
stools. 

Thenpeusis.—OkorcTin af Aspidium (as recommended for Diphi/llo- 
botkrium latum) is specific for this infection Goriacheva (194-1). uorkhig 
in Samarkand, Turkestan, in an area where 20,2 per cent of the children 
between three and fourteen j cars of age were positive for 11 mna, recom- 
mends extract of Aspidhan 0 o Gm per year of age or 0-8 Gm. for adults. 
The anthelmintic is divided into three doses and is administered at teiwla> 
intervals On the morning of treatment the patient is conditioned with a 
drink of one per cent sodium bicarbonate and one to one and oiie-half hours 
after treatment takes a saline purge. Reportedly 59.2 per cent of the 
patients remained free of eggs for one and one-half jears. 

Crystoids anthelmintic, in hani gelatine capsules, frequentl;i gives vcr\ 
satisfactory results and is essential/.i non-toxic Tiie patient is advised to 
take a light meal the night before treatment, to omit breakfast on the 
morning of treatment and to abstain from food for five hours subsequently. 
The dosage for a child of preschool age is 0 4 to 0 0 Gm., for an older 
patient, 1 Gm. Post-treatment s.dlne purgation is licipful 

Probably the transuodcnal intubation of an emulsion of hcx^lrc‘‘Ort•iIlol, 
as described by Drown (1948) an<l b> Hernaudez-Morales and Santiago- 
Stevenson (1949) will prove to l>o more eflicient than administering this 
drug orally as cry.stoids anthelmintic. 

Ilcrherian (1040), in Ix'banon. emploxod an aeriiline derivative. Acratnl, 
for treating 25 children parasitized with // uanu. Kacli child was pre- 
jiarcd with 0.1100101 purgation. TTiose l>ctncen the age> of four and cif:ht 
v\ ere given two 0. 1 Gm. tablets in the nioriiing on an empt.v stomach, w ith 
sodium .sulfate purgation three hours later; then, for three coii'.i'cutive 
<laj s, one 0,1 Gm. tablet of the drug after breakfast For the eiglit to ten 
year group the dosages were thrw 0.1 (>m tablets the first morning aiul 
one 0 1 Gm. tablet innrning and evening for three da\ s, for the ele\ cn to 
fourteen scar group, fourO.l Gin. tablets the first morning and one O.I 
Gm. three times a daj for three clays, ami for two girls, fmirlwii and si\. 
teen jears old, five 6.1 Gin. tablets the first morning and one 0.1 («m 
thre-e times daily for tiirre da>.s 'Hie drug priHhiced no serious l»\ H-lfc-ets. 
One week later 9fi per cent, of the iwtieiits rcmainMl free*, and two wirks 
later, 92 per wnt, ns indicated b' stcK>l eviminatioii. Infection there*- 
nfter increased to 48 per cent (five months after treatment), hut reinfect- 
ion could not Ih’ ruled out after the first two wtTks. 

Control. — The ahilitv of the p.irasitc to propagate itself without the 
intermediarj of a secoiid.irv host iiiid the cast« with ^hich it develojis in 
children jinsc serious pniblems for the phjsieian In en)w<hsl dwellings 
the hifiTtion h frcypiently eonfnictrd ilir«ytJ\ b\ one iiiclividii.il from 
anotiier. I’urlhermore, it Mvms pnilnhle that a lightiv infc'cfcsl indiv idiial 
is not onl\ a mrnrr but reinfects himM-lf so that he ina.' tsime to harlxir a 
iuiiuIht sunicientlx l.irge to prcMhicc' ssiiiptoni'. Malmitrition minces 
resistaiKf to inf«ytioii or su|htIiiii)*»m*«I infrtiam. .\ltliongh the Iitiman 
infiTtion is, in most eases, pnih-ably of hiiinan ••rigiii, inbyfhm from nxleni 
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iKists is iilso ,1 possibility. The (Icvclopmcnt of liabits of personal cleanli- 
jiess m soiirif; ehilcircn, particularly at toilet and with the hands, should 
no reflected in reduced incidence of tins infection. 


Hymenolepis diminuta (llitdnlplii, I.SlflJ lilantliard, ISfll. fl'lic rat 

tapeworm.) 

^ Synonyms.-7Vnia tUmmutn Itudolplii, 1810; Txnin IcptoecphaJa Crepltn, 1825, 
1 a-nta JlaropuncMn ^Veuihnd, 18 . 58 ; Txma rarenitm Parona, IS84: Txma minima 
Gra'.'i, 1880. 

Historical and Geographical XitiA.— f/ymcnolepis diminula, tlie common co^tode 
par.aMtc of tlic rut nnd tliR,iium«c and other murine f>i>ccic‘«, as Praomyi luUbtrgi 
jar/c^oni, (trammomyi sur^fistcr and Ap(xlcmu^ tylvatinm, is an occasional human 
parasite. A^ada (102.'!) nl«o recovered it once from a dog. In certain areas, as in 
India, tlic U S S K., Japan, Italy, and some of the Sotitlicm United States (m- 
cliidmg Teimessfc, Georgia and Tc.\as), this worm lias !)ccn identifiwi on several 
»)Cca'*ioiis. Morcfivcr, its di^trufiition is prohahl)* more widespread than lias been 
husjicctcd. Thus far nearly 200 authentic hum.an cases have been di.agno«cd from 
Argentina, Brazil, Kcuador, Mexico, Cuba, Granada, Martinique, Xicaragua, 
Belgium, Italy, Kavt Africa, Ibe U. S, S. It , Jajian, India, the I’liihppines, and from 
ArLan«as, California, the District of Cohinibw, Georgia, Indiana, Ixmlsiana, 
Minnesota, Nebmska, North Carolin.a, Oklahonw, Tennessee, Florida, Texas and 
Virginia. 


Structure and Life Cycle. —The mature strobila mcnsiircs 20 to CO cm. 
ill leu^jtli and is definitely rihhon-like, inrrea.sin;? pr.-idimlly in width from 
O.o mm at the nook to B.fiord.O inin. at the distal end. It may consist 
f iiousaiul or more proglottuls. 'J'/ie lieml (Fig. Jo”./) is small and roHfided 
und is provided uitli four small, deeply c.xeavated huekers and a median, 
anterior, ituagiiiiition cavity, into which tlic imarmcii, pvriforra rostclliim 
is usually retracted. Tlie proximal proglottids arc very short but the 
siiccessivclv more <li3t{d ones arc longer, the terminal ones measuring 
O.Ti"} min. in length by mm. in breadth. The mature progl^fi » 
(Fig. 157 li) possess only thriT ovoidal te.stcs. Tlie genital pore is 
Intend in position and altcnmtcs irregularly. Tiic gravid proglotti » 
become detaelied from the strobila, arc partially digested, and 
eggs arc set free into the lumen of the intestine. These eggs (i’lg. 
arc ovoidal in shape and liaxc an outer incasurenicnt of 00 to <J } 
to 80 p. Tlie internal membrane, t. e., that of the oncosphere, is provi 
witJi a thickening at each pole, but lacks polar filaments Be 
two membranes there is a colorless, clastic, gelatinous i.j js 

oncosphere measures 18 by .Tfi^and has tlirccpair.s of lanceo a e i ' 

arranged in a fan-s!iaped pattern. The eggs are nitrinsicallv ‘1,’ ’ ^ 

are usually stained a light greenish-yellow or velloiusli-bronn 

relatively resistant to desiccation, to chcinicals, and f’/pQO c. 

(being viable for two months in feces), but are very sensitive o i < 
or more). Tl.e adult worm lives ••.ttache.l to the antenor portion 
ilci”" •• 1 Among th«e 

imago), Tinea 

arc .. . . imaeo) and 

ijranelk, T. pi-Uwnella, Ai/lmm dimuliata yiMi^ j;„lopo<h, 

Apliomia giilurh: the car-wig, Anisohhs mmdipcs, t«o aip 
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Fimfaria tirgimcnsis and Jtilus sp ; the rat fleas, XosniTsylliix famotiix.^ 
Orchopeas U'icIihamP and Xeiiop-tglla cheojnsA the niou'^e flea, ('tninjw/Ilus 
srgnis;^ the dog flea, Clenoccphahtiei rtinis,* the liuman flea. Pufex irrifan.t;' 
the coleopteniiis, Aki.t .tpino^i, Scaimis sirintux, Tcuritnn nmhlur (larva), 
Drrmesfes perutianm, Ofolrui)rs xtercinin, Trihohum I'hmmia 

p(iT{ict)Tms, Aphodiiix dixtinctus and i^ieqtdmon jxiuxnnii. and tlie eock- 
roachos, Pcripfunetn amcncaua, Itlattu nrienUtUx and lilailclhi gcmunica 
In the gut of these hosts the oncosphere hatches b\ the inechaineal acti\ it\ 



of its SIX booklets (Vanni, 19I5S), pene- 
trates through the intestinal wall into 
the hemal csvvit\ . and hecoincs nieta- 
inorphosetl into a e\stict’rcoid Iar\a. 
On ingestion of the insect host h^ 
the definitive host tlie cjsticertsn’d 




Ilf,. 157 HtpnrriolrinM (liminutn . 1 . I.pa*!. rnlamfl i>U<-Lrr« ni-irul 

iiitaBiiintioii easily aiul iiriixiinal I’urciorv tulnilc^ in n «J'illin> ctinijirr,H>i>iI. lixme Hnrin 
(iingmal), /I nnoirc *ln>Hine mslc m>cl fnnalf «ritsn« cfcstli cntircwl (mlsiiltsl 

tnini Z.rlioVVt., Ill siilc'« 1I>K I.nl> Mnnn«* ll'>«|. null N«> i'n « . riw X «*) fnriKinil i 


hetsiiiies lilierated. attadves itself to the intestinal nail and develojis to 

mattiritv . 

Aiidis aiul (’handler (lOfl) have pnivhhsl imiiortant inrDrniatinn isni- 
irrin’iig tin* ^ itainin reiinireineiits of // dtmfuuM in the rat Some jxirtion 
of the ••(} ismiplcx" in the hosts’ iliet isiwiitial for iiorinal pniutli With- 
out vifamiii A. as in Aekert’s (IlKtl) studies on A^mndin in chickens and 
Ihirlingame ('hi\ndU*r's ohM-rvutum «m J/i»«c/i/i»rwii» innuilijornm in 
tlie rat. tlie parti.d p.iralvsis of the Uiwel wall c-nriclies the Jlora and 
inen-ascs the -i/e of the worm 'Hie ratio of adult stnihil.v to the mirnlier 
of evstici'nsiid larva* ingiMisl drjvetwis on the nuinlKT of Msilievs whUli 
evnpiii.ite. hcssinic attaelics] to the intestinal nnnsi'a and mature I.n k of 
"(• tvimpIcA" [inMliiees fewer atlaehinents 

' ItifprCrl I.f nrrr—itt .Iiiriiie Clir l\r\»l 
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Epidemiology.-Mnii l)ecoiiies iiifet.*te(I after accklentally swallowing 
insects or other artliropod hosts which have ])reviously hewme infected 
from coiiMunin^ the ejtgs of the uoriii passed in feces of tlie murine host. 
Multiple infections up to nineteen strohilm luive been rejMjrted. 

Pathogenesis, Pathology and Symptomatology.— Similar to other tapeworm 
infections. Caclie.X'ia is not an nneomnion accompaniment in mwltiple 
infections. 

Diagnosis.— Ihise<I on the presence of the characteristic cpgs in the stool. 

Therapeusis.— Tlic wr)nns arc- at times evacuated spontaneously or after 
a cathartic. Okoreain oj AspitUum is a specific antlielmintic. 

Control. — Iluniau infection may result from the accidental ingestion of 
infected insects living in cereal.s, such us flour or meal. Cold cereal break- 
fast foods, particularly when infested with the meal moth or meal worm, 
are subject to suspicion (Cltandfcr, 1022). In otiicr cases man may become 
infected from swallowing the ectoparasites of the murine host. 

Gkni's I )uki*.vxidot.kn-ia 1892 


(genus from ipivaptov, lancet, anil /.rnm, tape) 

Drepanidotaenia lanceolata (Bloch, 1782) Ilaillict, 1892. (The lanceolate 
tapeworm, causing drepanotenlasis.) 


Synonyms.— r • 
Weialaad, 18r>8, . 
This species is . 


t , I ('Blnf.Ji I7W) 


plahjrhynchn, . 

fcrina, etc.). The single human infection known was reported by 
from a German youth, aged twelve years, who spontaneously 
ppocimcas. The worm lias a length mca'nircmcnt of 5 to 13 cm. and a . 

width of .) to 18 mm. The head is globular and sm.all, has four deeply . 
suckers and a cylindrical ro^tcUum anne<l with a circlet of 8 lanceob c sp ^ 
measuring 31 to Sfi n in length The are ovoidal in contour, measure o y > 
n.ro/. onvMnnn^ nf uluoli the inncmiost has polar papill®. 


parasite m man i.s prolwhly un-stablc. 


ciiArrEii x\ 


THlv CYCIjOPH\ LLIDEAN C'ESTODES fCoxcLUDED) 

Family T.FXIID.E Ludirig. ISSd 

1 ms family contains the most important tapeworms infecting man and 
tlnmestic animals. The \\orms, either m their adult or larval stacc, are 
usually large, the adult being a parasite of the intestine of carnivora or 
omnivora, and the larva or bladderwonn (eysticcrcus, strobihiccrcus, 
cfpnurus or echinococcus) developing in hcrhivora or omnivora The testes 
are multiple; the uterus has a median stem with lateral arms. The outer 
egg-shell is thick, dark brown in color, and is composed nf main minute, 
truncated pyramids cemented together. 

Gknus T.exi.\ LiNN'vEfs 1758 
(genus from teiim, tape) 

Ttenia solium Llnnanis, 175S (’Hie jwrk tapcwonn, causing trcninsis 
sohuin or pork tapeworm infection ) (Aoconling to Ix'uckart, the {•pecific 
nnme 'Wiuni" is said to bederixed fromaS\rian term "ffchunrhl," moaning 
a chain, nhich has come down through the Arabic word “ji/d” or "jkmI,” 
and has been turiK“d into Latinired form, thus having no connt'ction with 
the Latin word ‘'aolus," or single) 

^Sjrnonjms.— T’a'/im rurrurbittiia Pallas. 17<M>, Tannin prllurida Goeze. 
1782; 7’a‘iiiVi ritlgari^ \Vcrner. 1782, Ta-mo dnitala Datscli. 17S0; llalym 
iohum (Linn., 1758) Ze<ler, 18(K{, Txnia armata htmatm llrera, 18()S 
tUstorical and Geofraphical Data —.Although tins species was not differ- 
cntiateil from Tania sagumta until the time of (Joere (1782), there is 
unquestionable evidence tliat it was known to the ancient Greeks. Aristo- 
ph.'inesand Aristotle describwl the larval or Madeler-worin stage {('y^ticercv.'t 
relliiliKta) from (he tongue of svvme and likene<I tliC'C I.irvie ti» halftones 
Gessiier (1558) and liuniler (l.)88) first reporlcsl human infection with tlie 
larval stage. Kueheiimeister (1855) and laaiekart (I85Ci) first elneldatetl 
the life cveleandpnived that human iiifeetiim with the adult worm n‘sulte<l 
from eating pig flesh eoiitaming the viable larva* 

Infection with this worm is eosino])olitaii, it is eonnnon wherever raw or 
niadw|uatelv cooked or proee>'^*d p«»rk is eoiisutnetl hv man. I’o'.-'iblv its 
higlu-st itieideiiiv i^ found in the Slavir <snintrH*s. (*7i*e}iosIo\akia (0.5 jkt 
tvnt meideiKv of intestinal i[ift>etioii. nc*eiirdmg to KmVra anti .liniv ec) and 
•lugosl.-w ia, nltlioiigli P.ivlov (Hill) has shown a >teadv tlerrt*a‘-e in swine 
e.'sti(Tr(S)sis in Ihilgaria sintv 10-17 It is less prevalent in Germanv tliaii 
It was a half triittirv ago Inte-tmal nml vi'V'eral infis-(i*>ii with T kAwvi 
isenet)unterts| from tune to time m North t'hiiia and Mnnt hiiria In Iinlia. 
e'lHTiallv in the Madras rn~«ideiH 7 > and m t'nlnitta, swine t vstteiTtsisis 
IS extensive, altlioiigh lium.m mferlion U not Immvv exffpt in tlie oulea'ts 
(Ilargreaxt-,. ]M'iNon.i] (sinuniiniention) Kvnlenre is an ninul.tting of 
"ulfspread distribution of the |>*»rk tap<*wonn in Ijitiii Annriea, fnini 
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Mexico to ^ cncziiela and Ecuador. However, it is uncommon in Arcentim 
(Hickninnn, lOdO) In Mexico the larval stage (cysticercosis cellulose) 
disputes with tuberculosis the privilege of occupying the first position 
ninong the causes capaiilc of originating certain svndroines of intercranial 
hypcrtciision'’ (Rohles, 19IC). Mazzotti (1944) reports that 2 per cent of 
over 4,110(1 stools examined in Me,\ico contained Tmia eggs (for the most 
j)art tlioho of 7 , soliion; that *1.34 per cent of 128, 025 hoj;s slau{?htered in a 
little over t\vo years were mcnsled and that 2.9 per cent of 450 autopsies 
in Guadalajara revealed cysticercosis. In Ecuador Eodriguez (1944) 
rcjjorts S.3 per cent intestinal infection vs. 0.7 per cent for T. saginofa. 
Stoll (1947) has estimated the total world incidence of T. solium at 25 
million persons, primarily in Africa, tlic U. S. S. II. and xVsia. This figure 
appears to he ultraconservative- 

Structure of the Adult Worm.~7Vmo solium is the common human 
representative of the suh^^enus Tsenia, which contains all of the species of 
the j'cmis having an armed rostcllum. The adult stage is known to develop 
only in man. The larval stage (cysticercus) commonly occurs in the pig, 
occasionally in m,an and other primates, and rarely in sheep and dogs. 
(Iwanizky states that 33 records of Cysticercus cellulosx infection in dogs 
are found in tlie literature; Siandground, 1933, reported an additional 
canine infection from Yucatan, and Mazzotti, 1944, one from a dog and 
one from a cat in Mexico, D. F.) Apparently the same species of cysticercus 

has also been found in Cercopithecuscepkus,C.]mins and Macacasi/haniis. 

The adult h found attached to the anterior two-fifths of tlm small intestine 
It attains a length of from two to several meters. The scolex (Fig. 
wliich is well buried in the intestinal mucosa of the infected host, is roughl.' 
quadrate, measures about 1 mm in diameter, and in addition to the four- 
cupped suctorial pockets, has a rostellum provided with a double row of 
alternating large and small hooks numbering from 22 to 32, and measuring 
100-180 n and 110-140 ^ respectively. The suckers are slightly protuberanr 
and measure up to 0 5 mm. in diameter. Rarely the scolcx is pigmen e 
In living specimens the neck has only about one-half the trans-sec lona 
measurement of the head. The immature proglottkls arc broader u 
long, the mature proglottids are usually squarish, and the gravid prog o 
art* longer than broad, although never so conspicuously so as 
Tecmn sagiuata. Althogether the number of proglottids is soincw a 
than a thousand 

IMalfonncd proglottids are not uncommon; these usually consis 
fenestrations or triangular proglottids intercalated among V ^ 
Rarely triradiate forms have been observed, consisting of 
proportional increase in the number of booklets, and three 'P 
arranged more or less in ' ' . gaginaia 

The mature proglottid 

(Fig. 1G2) and differs on!. • imi lo *’00 and 

The testes arc multiple follicular bodies, number . ..jpjlJary 

distributed throughout the dorsal portion of the uni • i , join 
vasa efferentia, with their inner termini connected * «)„vh proceeds 

in dendritic fashion directly to form a common vas dc e , «enital 

as a convoluted tubule from the mid-plane trans\er> , 
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atrium on the lateral margin, becoming enlarged distally into a cirral organ, 
containing prostate and cirrus elements. The genital atrium opens tlirongh 
a genital pore which possesses a powerful sphincter. The genital openings 
alternate irregularly from one side to the other m sticccsshc proglottids 
Immediately posterior to the vas deferens is the vagina, uliich cur\es 
broadly posteriad towards the obtype. The ovary, which lies in the poster- 
ior part of the proglottid, consists of three lobes, namely a s\ mnietncal 
pair of large lobes and an accessorj- lol>e on the side of the genital pore The 
vitcllaria consist of minute follicles, situated in a narrow elliptical hand 
behind the ootype, at the posterior margin of the proglottid. The common 
vitelline duct and the vagina join the oviduct and proceed to the oot\pc. 
which is surrounded by “shell glands *’ The uterus arises from the anterior 



fair of the nbtype. At ^lr^t (Fig I.V)) it i> a clnb-diaiKil -.ic. c\teii<img to 
till- anterior border of the proglottid, but a> it become', filletl with egg', 
lateral extensions or arms dcNolop and til ’’ * 

to form the cliaracferi'tie gr.jvhl iiteni _ f 

primary arms is 7 to 13 (umwII.v 9). a ‘ 

Value, sinee the gravid 'egmentsof T mffinnhi li.i\e noli-" fliaii I.'i (ii'ImIK 
IH or more) sudi lateral cMigiiialions 
'Hie terminal graviil proglottids of llie worm fn>m time to time iMHume 
separ.it«xl either 'ingl\ or in small gnuijis fn>m the stroliila and are eiijiilde 
of iiide|H-ndent mo\ement. e%eii li» nitnc inignition oiil'iile the anus 
Hither iH-fore sepapation. or liitcT. the iilenis iMSxuiies so di'tiinlnl with 
mature eggs that it bursts ojK-n along th«- iiietlian \entr.il line and tlie iggs 
••vaiH*. 'I'licM- egt's (Fig. nai) ntv '«pliene:il nr sub'iiln-rieal in 'lia|H-. 
measure .'tl to lit ^ jn diaim ter. nrr p.de biitf hi cxilor. and caiinot Is- dis- 
tingtjislH.,1 fmni iljt.xcof T. (Majilestoiir, 19 ?7^ 'I'lie s|iel|, wltiih 
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is a tliick-waljeti structure, made up of many truncated prisms cemented 
togetlicr, is originally provided with an outer mother embryonic memhrane. 
According to ^oshino (1934) these cmbr^-onic envelopes mav occasionally 
have one or two filamentous extensions. Between the envelope and sieW 
tliere is a colloidal albuminous layer. Within the egg shell proper there is 
a fully-developed oncosphere, with its three pairs of hoojdets, only occa- 
sionally clearly distinguishable through the shell 
(At times more than G booklets are found, Yos- 
hino (/. c.) reported as many as 18.) 

The Life Cycle of the Worm.— The eggs become 
freed from the uterus and their mother embryonic 
envelopes either before or after passing out in 
human feces. Their subsequent history invokes 
their ingestion by the intermediate host, in the 
diiorleniiin or jejunum of which the composite 
shells are broken down and witliin twenty-four 
to seventy-two hours the emergent he-xacanth ein- 
bryos penetrate tbe intestinal wall by use of their 
hook/cts, pass tlirough the blood stream or the lymph channels and set^ 
down typically among the muscles, wlierc they become metaraorpho^ 
into cysticerci. These fatter roach maturity in sixty to seventy days. This 
stage (Fig. IGI) is charactcrizerl by having a head similar to that of the 
adult, with fully-formed hooklcts, invaginated into a broad, ovoiosl 
bladder, whicli is grossly opalescent when alive (Fig. 1G2) and .5 
“measly" appearance to the infected hog's /Jesh. TJie cystieercus, wnic 



Flo ICO — I'.jTR of T»nia 
aoUum. X CGC. (Onginfll ) 



Fic! 101 — Cysticcrcus of Txnia toitum, showing scole* in\aEmj1ed into bladde 
■"S' m2 w.thin ga.«it.Uo«s outer C.UO capsole. 

biceps muscle of man Natural si*e (Original photograph ) 


measures about 5 mm. in length by 8 to 10 mm. in nitli th 

Cysticemis celluhsse. From time to time man b^me , ^ 

.,-c+.rIr^rr.,w of T snlh.m. Cascs aTC also kno«n _iincre . 


r 8 to 10 mm. m „iti, the 

cciwu^Hf. i jum u.uc time man b^mes mi 
us stage of T. soiium. Cases ajc also kno« . , „-ith the 

th a history of intestinal of intcn'sl 

cysticercus, it p ^ 

autoinfection 
or multiple. 


ssihility or 

tx may h^ , 
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found two or more Txnia worms in 10 per cent of 200 intestinal infections, 
including G per cent with T. solium alone or with mixed T soliion and T. 
saginata. The organs and tissue most commonly involved are the sub- 
cutaneous tissues, the brain (Fig 163), the orbit or the eyeball itself, the 
muscles, the heart including its valves, the liv'er and the lungs 

Epidemiolofy.~Man readily acquires the intestinal infection through 
consumption of raw or inadequately cooked infecteil pork. He <le\elops 
cysticercosis cellulosaj as a result of accidentally or unknovv ingly svv allow ing 
eggs of the worm (harbored by himself or someone else) passed in feces, 
or due to the precocious hatching of eggs dischai^wl by an adult worm 
which he himself nurtures. 

Upon passing into the lumen of the stomach the mfective-stage eystioer- 
cus is digested out of its fleshy matrux, the bladder of the worm is digested 
away, and the uninjured head passes into the small intestine, where it 
evaginates and becomes attached to the intestinal wall. It then develojis 
into the adult worm in about three months. The adult worm ma^ live ns 
long as twenty-five years in the human intestine 

Pathogenesis, Pathology and Symptomatology.— -I The AduU 11 orm — 'ihe 
worm lives in the small intestine, its head strongly anchored m the mucosa, 
the terminal (gravid) progloltkls breaking olT singl.v or in groups and 
passing out in the stool. Usually onlv a single worm is harborctl at an,' 
one time. Ordinarily the parasite produces no grave clinical s.unptoms. 
At times, however, it ma.v be responsible for vague jil)doininal discoinforti 
hunger pains, chronic indigestion with persistent iliarrhea or with alternat- 
ing diarrhea and constipation. In persons of a nervous temperament or in 
children the symptoms are at times more specific, consisting of anorexia, 
hyperesthesia, indigestion duo to abnormal secretion of tlic intestinal juices, 
and various nervous complications It is ladieved that the'^e disturbanws 
arc due to the absorption of toxic products of the worm. In rare cases it 
has been reported that the worm may perforate the intestinal wall and 
initiate peritonitis. 

An cosinophilia up to 13 jier cent or higher has Ikxui reconusi for some 
cases. Tlicre Is a moderate leukocytosis at the time when grav idpmglottids 
arc first discharged; later a mixlerate leukopenia is cliaracteristic In 
chronic cases a sccondnrv anemia iimv develop. 

The C’y5tiV<T««.-Cysticereosis«-lliilov.T is not u unique condition in 
man. It has been known since JoTiS Ah state*! above, the larva* ma.v 
develop from viable eggs introduce*! int*> llie intt'stine as an nctideiitu! ctm- 
tninination of fcKHl or drink, frtun sojIe*I fingers, or ns an internal aiito- 
infeetlon in a person who lias previoiislv Iiecsmie infected with the adnlt 
worm, 'llie evsticerei of this ^pee^es have Iktii buiinl in prartieiillv ever.v 
organ and tissue of the IkkIv. 'nie».MiipfoinH vary nwinling to the numlK-r 
nn<l exact ])osltion *if the larva* in the iiundisl tis.'wies. I hey have Iktii 
found most frixiuently in the sul>eiitnnct»us tivsu**s ami in the hraiii, wliere 
the.v mav reside in the ventricles or in sniK*rficial rv*-ts in the memng«*s 
or nracltnoiil tisMi<*s. (’liiiic-ally this latter varieiy of tlie hl.idder.wonn is 
known as fV/»f,Vrrr./t mer;/o.*uf (Fig. n«). Next in the oish r of fr.**,ueiH-.v 
the.v iK-eiir in tin* orbit, the iiuiMnl.»tim* (Mg lt»-b the heart, the liver, 
lungs, alxlominal env it.v, etc. 
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Invariiihly in man t!ic c^\5ticcrciis is snrroundcfl by a fibrous capsule, 
whicli ih separated from the parasite liy a space hut is excised by the 
surgeon along witli the larva. Th • ....... 

yokes a typical sequence of local ccl 

of pnlyinorplmnuclear leukocytes, , . , . i 

and, at times, giant cells. I'inalJy, fibrosis and necrotic clianges of the 

capsule oectir, and the jiarasitcs become calcified (Ch’in, 193.3). 

The more recent clinicjil studies on ljuman cysttccrcosis (MacArthur, 
)l)d4,' Divon and Smithers, 19^11; Chung and I-«e, 1033) indicate the 
frequent occurrence of epilepsy in patients liarhoring cysticcrci. In case of 
internal auto-infcction, these \\mpt«ms may precede or he scquelre to the 



diagnosis and expulsion of the adult \vorms. ^ ^v'’be 

the pre-cystieercus stage of the parasite m the ^ blockage of a 

symptomatie evidence for some time, "'hde at nt 
passageway may produce a rapidly critical situation ,.^ri€tv of brain 
dies and tissue reaction develops around it a consideral. -J 
symptoms may he provoked. Bixon and family history of fit^ 

every case of epilepsy occumng m a patient aviU ‘ . cvsticercosis 

and no previous history of fits in childhood, the P” hoJo) ndd that 
should be entertained,” while Biv^ ant* S evidence of a brain 

cysticcrcosis should be considered .w'lerexer ^ , f,jood and m the 

tumor with an associated eosinophdia m the circ . 
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spinal fluid. IIo\%ever, epilepsy is not a necessary accompaniment of 
cerebral cysticercosis (Edwards, 1940). 

Elsfcsscr (1944), reporting 8 new cases and reviewing 03 earlier ones with 
a specific diagnosis of cerebral cysticercosis, has el.issificd the symptoms 
under the following categories: (1) Those associated with adult li\dro- 
ccphaly, ri'z., early persistent headache, especiall\ occipital or at tlic back 
of the neck, giddiness, nausea, vomiting, and the head is usually held 
rigidly to one side (Ilruns sign); (2) mental dullness, often euphoria; (3) 
paranoia, depression and hjpercsthetic emotional states; (4) papillary 
edema and (5) paresis of the thirrl and sixth cranial nerves, cerebellar 
ataxy, and epilepsy, especially m the basal meningeal t.\pc. Tlie history 
reveals that symptoms may develop suddenly op may have been noted up 
to thirty years. Kclapse may occur after twcnt% s\ mptoinless j ears. 

Many Inmdreds of cases of this iufoction are on record from Central 
Europe. During the first half of the nincteeiilh centurv 2 per cent of the 
human autopsies in llerhii showed the?^ cxsticcrci. With the rixluction 
of the adult infection in man and of the larvjc in pigs the incidence of 
human cysticercosis in Europe has liecoinc loss frequent, hut in Africa, 
India and China, where san»tar.\ <x>iKlitions are still \epy pfx)r, cvstfcercosiN 
is today not uncommon, and in Mcxksi, as statwl abo^c, it is a major 
clinical problem. Mazzotti's (1944) resiew of hospital records in Me.xico 
demonstrates that 2o per cent of 100 cerebral tumors wliicli came to opera- 
tion proved to he due t<i Cffstirerat* ccIIuImt, wlnle 2.8 per e'en! of the 
recent autopsies iti tlic Capitol City was afllictcil w itii ocular o.\ -tieercosis. 

Diagnosis.— .1. The Aduli Worm — 'llte pn^senec of T.Tiiin eggs in the 
stool doc.s not ijcrmit of s,fK*cific <llagnosis. altitough in eoimtries like 
Me.xico it Is relatively pathijgnomonic. Mazzottt (I!).J4) regards perianal 
swabbing as an cflicicnt methiMl for rapid <lisi)cns:ir\ diagnosis. Recovery 
of gravid proglottid-s enables the dwgnostieian to determine without rpies- 
tion wlietlior the worm is T. ,-tofnim or T. M^uafn In the former <■»<<• the 
lateral arms of the uterus are (hirtwn or less (I'lg 132. 2). in T rngmitn 
the\ number fifteen or imm* (Tig 132. /). Ki>r imnusli.ite diagnosis tlie 
proglotticls ina\ be pl.iced liet«<*eii two inien»^s'opir slides, iwc^sisl Il.it and 
examined against a strong light, or the utenis ina\ l>e injeeted with India 
ink, whiTeiipon it stands out in sharp eoninist to the ivorj-eolorcil mesen- 
cliyma of the segment, 

a. The Ci/ilirrmi.^.- Extrpt iii gis*gr.iphi<-;il n-gictns w here e\.stiwrts.-,is 
eellulosn- is common in man. spirifie dmgi«»sis of human infection is 
usually deferrisl until after the base Insai exei'Cil and e.xamlmsl 

Lumbar, cisternal or ciTebral puiirtiire oei'asionalh reie.il'' fragments of 
the csst and 2 to 3 j>er wiit «»sinophils. Main of the eerebral t\pe are 
looatoil in the fourth s eiitriele and tbe^e are jwrtieiil.irlv d.ingen)its if the\ 
grow forwards and bhx'k the nqii«luii .\t times rjuhologiral «'vi<!eiKr 
reveals calcifiisl es'ts liiil onI> a small pro|>orti«m of irndini! exstliTrrl 
sttidiixl b\ Dixon and Ilargreasrs were visualirisl h\ j-.ra\ 

Ilnrgrravi's (1915) has ilemonstralssl that high |)enetration 'Iiow 

upe\stifvrei in the brain in (sm'idrrahlc detail, with tliee\ st wall npi>e;iring 
ns a deliejite slu H annitid the STileifiwl sredex. In the majoritv of c;i«es 
<li.iein>sis IS iie\er maile unless tliep.itii lit roiiirs to n*HTop'\ and 
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his associates (1927 1929) have demonstrated that aqueous extract of 
both Cysticercus ceilumx and C. botis provides positive intradermal and 
complement-fixation tests for patients infected with C. ceUiihsx The 
precipitin test is also positive. The cysticerci may be present singly or in 
multiples up to several hundred. Since immature, mature and degenerating 
or calcified cy'sts may be found simultaneously, there is reason to believe 
that continued or successive infections may develop in the same patient. 
In superficial tissues, excision is frequently indicated to confirm diagnosis; 
where the cysticercus is loclged in vital centers, as, for example, in the 
brain, its presence may be inferre<I only from x-ray shadows, varying in 
size from 1 to 23 mm. in length by 1 to 7 mm. in width and exhibiting a 
great variety of shapes (MacArthur, 1934). Cysticercosis of the brain 
must be differentiated from echinococcosis of the brain or embolisms of 

’ ’ Ahistory 

at a eJinjw) 

u . icrcased. 

Therapeusis."-./!. The Adult Worm.—OleoTCsin of Aspidium, as adminis- 
tered in Diphyllobothrium latum infection, is usually a satisfactory anthel- 
mintic. For good results the drug should be fresh. Rarely death may 
result from administration of this drug (Ilerndndez ]\forales, 10i5). 
Carbon tetrachloride, as utilized in hookworm infection is recommended bj 
Carman (1929), Maplestonc and Mukerji (1931), Sandground (193S) and 
other workers. Since there is cumulative evidence that many cases of 
human cysticercosis result from auto-infection, it Is imperative that patients 
with intestinal tainiasis soHum be specifically diagnosed as early as possible 
and that the worms be removed expeditiously and, if possible, \\ithout 
producing vomiting during the administration of the therapeutic. 

\Miile hex>’lresorcinol, administered by mouth in hard capsules (?./•. 
crystoids .anthelmintic), has very low efficJenc}’ in eradicating Tiienias, 
the transduodenal intubation of an emulsion of this drug has been shown 
to be very 
Stevenson, 

atabrine to be very satisfactory in eliminating ! 
and Ilymenolepis nana. , , 

D. The Cysticcrciui. — Excision, wherever possible. ^^Tlere the bla( 
worm is lodged in vital centers, only symptoin.itic treatment is at mie 
possible. . r • thp 

Prognosis,— yl. TAe .fldfdnrorw.— Usually good. After c.^uhion 
worm, the sj’raptoms entirely disappear, .although cysticercosis 
develop as a sequela. , , -sHy. 

B. The Cy9t{ccreus.—GTa.\e, except where the larva ma} ‘,jrsc 
removed. Larvm in inoperable sites in the body may jn 

of several months, or may die, but tissue reactions around 
the brain and spinal cord frequently produce much graver s\ mp 
do the living cysticerci. . measures. 

Control.— This involves both personal hygiene and ‘ p^fcpt 
The former includes the ahstinence from eating r.aw or r. i 
from carefully inspected slaughter-houses, and tlJC grea 
handling the feces of persons known to barlior the adi 


Uodenal intubation of an emulsion of this drug nas ueen 
y effective (Brown, 1948; llernandez-Morales and Santiago- 
1949). Moreover, Neghme and I’aiguenbauni (1947) fount 
) be very satisfactory in eliminating Tsenia solium, T. sagina a 
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K^ks of T. soliinn can apparently develop into cysticcrci without passing 
outside of the body, so that this possibility must also lie consideriHl. 
Individuals harboring the adult worm should be relieved of their infection 
as soon as possible. Government inspection of “measly” pork has been 
primarily responsible for the marked reduction of both the adult and Iar^al 
infection in man in f'urope and the United States. According to Xew- 
sholme (1927) provisions were institutwl in England as carls as 1582 against 
the sale of “mesell pork," punishment for disol>edience of the regulation 
consisting of a fine or the pillorj . Rigid inspection should he instituted in 
all countries where the infection is not now under control and examination 
of pork should be extended to countrx- slaughter-houses where the large 
cits abattoirs arc now under supcrxision llie present methods of pickling 
and smoking pork are not usuallx lethal to the c.\sticcrci. rhilling is aNo 
not effective but freezing renders them non-viabic Cooking at (55.5® C. 
for several hours is believed to be lethal for the c%sticerci (II>giene Dept . 
British Royal Army Medical C'ollege. 193.)) 

Taenia saginata Goeze, 1782. (The beef tapewonn, causing ta-iiiasis 
saginata or beef tapeworm infection.) 

Synonyms. -•7'a?ai(i «o/ium I.inna'Us, I7G7 pro paric, Txfua cuexirbitinn Pallas, 
1781 pro pnrte: Tsenia inermis Brora, 1802, Txnin rftnio/a Xienlai, 1530, lain 
Primer, 1847, Txmn methocnnellala Kuchonmci«tcr, 1S.’2, TTiim ztltaticnfi$ 
Kuehenmoister, 18.52 Txninrhijnchus mf<liocatirllnln Wcinland, 18.)S: Trma 
Iropica Moq-Tandon, 1800, Txntn (Cy^lnfxnin) mahocnnrlhtn I/^uekart, 180.3 

Also, Txnin abictinn Woinl.'md, 1858, TVwifl .Mo<i -Tondon, 1800, Tsntn 

/opftosom/iCobliold, 1800, Trnm/enestrain Elulter, I8%. Txmnhonnnigv bmstow, 
1002, etc , etc 

Historical and Oeoyraphlcal Data.-Tarnm ^agmato w.ns probably the wnnn fnr 
winch the Egyiitians of the Middle Kmcdom prc'crilxxl a tlecoction of pomegraiiite 
Kirk It was one of tlie common helminth'* of ftiieicnt (Jrreee and was almii't uni* 
vcrsally present m Eiiroi)c from the Middle Aaes until the nxliscmeo* of the Creek 
pre-cription of nmle fern for it« expiiKion (» o . Mad.inie NoufTer i* "relchritetl 
Ilemwly") The I.ir>a1 stage (c>>ticere«s) «.is ap|v»rcntl> fir't ob^erNed m l)eef 
mu'de by Wepfer in 107.», and m 1851 IxmcUrt (1852) first demonstrateil that 
cattle arc the iiitemwxliate liost". and tl>»* MWirce of human infeetion 

Tins worm has n com«i)oht.m dMnlmtmn nherem 1>oef is eaten, but is jvirtipu- 
larly prmalent m Mnhammnlan rommiimtics It Iws a rnn«idembly Inclier inei- 
•leiipc than T toln.m I.ikewi'C. Ethiopnns to the prc'^'nt d.aj. ju«t as tliey diii 
eeiitiiries ago, are confiriiietl ra"-l>eef eaters nml lH«st of the niinil>er (if l>eef ta|>e- 
worrns winch the> harlnir T Mginnla i- widely distnlmfeil m Mexiro and oenirs 
in aUnit one |>er cent of the (loiHiIntJon f-anipleil (Masintti, 1044) It is rebatn clj 
widespread ,,1 the rmteil States Iml its aeliial incidence is eon*iderablv less th.m 
tluit of finnn Stoll’s (1947) e*tm»t«l world incidence is UK O niilli<m 

IHTNins. for the mo't part intnes of Afnra. the r s S It and .\'ia 

Structure of the Adult Worm Tanui ftigtnala, the lurf tni»ewi.rm. m tbe 
priiK-i|)al human rcpn'-eiitntiw of the vuhgmiU'. r.Tnuirhjjnrhuf. wlmli 
ixiiitaiiis the mi.iriinHl In-mhI n-sliMh"* Hie adult worm is nn exthi'ixr 
p.inisiie c»r man It lies in llie iiiMhlh* length of the sui.all iiifi-stine with i(s 
lieail imlMshiixl iii llie imiroMi. Rare «»f its mignitimi out of its 

normal habitat into the ji-iiiereatic tluel ninl into the alaloiiiina! ••ax iti .are 
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on record. The lulult worm is much larger tlmn that of T. solium, due not 
only to the fact that the proglottids arc longer, hut aKo to the greater 
nuinher of proglottids. I’mler favorable coiulltions it may attain a length 
of 25 meters hut it iis»alJ\ avcragis not more tJian 5 to 10 meters and 
consists of about I()(K) to 2()(K) proglotthls in patients harboring single infec- 
tions. In multiple infections both the size of tlie worms and the number of 
cacli worm’s ])roglottids arc proiKirtionntoIy reduced (Sommer, 1874; 
I/iuckart, ISSO; Palais, 1037). 

The scolcx of T. sngimita (Pig. 1C4) is (juadrate-ohovate in shape, 
measures 1.5 to 2 mm. in diameter, and is characterized by having four 
symmetrically arranged, bemisplierical, suctorial pockets of 0.7 to 0 8 mm. 
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diameter, whicli nlimc !.cr\e as attaclimeiit orpins, sine ^1011 is 

lacking and there are 110 hooklets. At times the jj,], sucker, 

even sunken, so as to give the iiiiprcsswn ol a . , y p,Vmcnl. 

Frequently the head is covered with a , |,cad and several 

The neck (Fig. 105) is alioiit one-liaif as ‘ „,i„,eters of ven 

times its lengtii Behind this region there are *'"• ’ ]u,ve not yet 

immature proglottids, 111 which the rcprodiicti g 
developed. Tile proglottids gradually increase in s ]„„„. The 

widtii of ahont 1 2 mm Tliese proglottids ''j ' Led reprodiKh'’'! 
mature proglottids (i. e., those containing fiill>-oe 1 
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organs hut with the titerus stiH in the furm of iui elongate .“'.le) are usu.illv 
found near the ntiddle of the strohila. The\ are ^oinenhat lirnader than 
long (Fig. KtO). Multiple t<^tes, numlwing :j(K) to 400. arc (h->tril)iited 
throughout the proglottid on the clorNil half, but tlic\ are most abundant 
in the lateral fields. Vasa etfereiifia fmm the test<*s assemble in dendritic 
fashion towjinls the center of the proglottid, joining to form the poueh-hke 
seminal vesicle, nhich, in turn, empties int<i the vas deferens, a tightly 
twisted tubule which proceeds directh towards the lateral margin, there 
to enter the cirrus pouch, which contains the nniseular cirral organ. This, 
in turn, opens into the genital atrium 



1 111 Iflfl * I’nmlottid of ««5jn<i/o ^Iiowimc oritins trie htrrftl cirrMof) 

frunk, M, ^ jyifo or tretiilal atrium n/ l»l<*rnl nerve trunk «o oiilj|ie or. inarj f, te«le» 
< tran«ver«e cxrretory cnnal ui menis r.vncins r»f «»v*leferen* rr vft'selTermtn, n/. 
'ilelhni X m (Origiml ) 

-hist helow the \as deferens is the rwtdmcar vagina, with its tniter 
extreiiiitj oiieniiig into the genital alriuin ainl its inner oiieiiing into the 
anterior face of tlie ootvjM*. 'flie o\:irv ctmsists of twti illstimt l.tteral 
hranelK*s, with an interintsUate transverse i'olh'eting simis. from whiili a 
sinall oviduct pnxfctls |Kisteriad. joining the vagina just Ix-fore the l.itti r 
opens into the ontv pe. The vitell.ina tsmsist «»f a tsinipact ellipsoidal gl.iml, 
situatisl jn a transverse iiositiou iiiiiiusli.ite|v iH'luiid the inifv l«- anil hav iiig 
a short tltict leatling into the l.vtter TlwMxrtMK' issurrumultsl l»\ u minute, 
"pliericjil fluster of '•shell gl.iiids " 'Hie uterus in llie mature pn>gIottids 
'•* a Tiarniw tiilail.ir ixicket. arising from the nnteni-ventnd fms- of the 
"ot.'ix-nnd ending Mitidlv near the anterior margin of tlie proglottid 

'llie proct*ss of egg inanurmture In-giiis after tlie pn>glotti<|s have 
inatiins! After the eggs an- iissr'inbhsl tii the«x»tvjx* tliev are ‘hov«s| into 
the uterus, vvliieh iK-eomes more aiwl innrrdi'teiuhsi and wliu h s/w.n U-ghe. 
to develop the « hanieti ristie l.itend arms Wlieii the proglottid' Ixssitne so 
gravid with eggs that the iit«-rus assumes the rh.ara(teri'tic-allv liraiiiheil 
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appearance (Fig. 132, 1), such as obtains in the terminal fifth of the worm, 
the generative organs atrophy and the proglottids become mere storage- 
houses for the eggs. The proglottids then separate, usually one at a time, 
from the parent worm and for a time * ■ • • . . 

Due to abrasion or to disintegration 
uteri burst longitudinally along the 
migrate out of the gut or are evacuated in the feces. 

The Life Cycle of the W ■ -- 

already fully developed. 

a mother embryonic meml , ^ . . 

On extrusion from the uterus this outer membrane is soon lost, so that 


the egg commonly recovere<l from the feces has a shell composed of many 
truncated pyramids and the hexacanth embryo within (Fig. 167). These 
eggs measure 31 to 43 n in diameter and number about 80,000 for each aver- 
age proglottid (Penfold, Penfold and Phillips, 1937). The eggs in gravid 
segments, as well as those set free, are cap- 
able of immediate development within the ov. 
After introduction into the duodenum or je- 
f f S\ junum of this, the usual intermediate host, 

til digested off, and the he.’cacanth 

1% ')) 1 embryo is set free, whereupon it penetrates 

// i through the gut wall into tim blood vessels 

or Ivmphatics. settling down in skeletal mus- 
cles, commonly the pterygoid and tenderloin, 
and in the wall of the heart, where it devc ops 
nir rc67"fotS“ !■> siKty to seven^v-fiye days mto th« 

bladderworm or Ci/shcercM bom (hig. los; 
This larva is an ovoid, milky-white ohject, I 

opalescent translucency, and measuring i.5 to lO,™ • i ^.j,icli p'oi- 
to 6 mm. in length. Within the bladder is an mvagm-a ed head vlucl. p 
sesses in miniature the cliaracteristics of the adul^ infected with 

Apparently kids and sheep have as natural 

Txnia saginala eggs. The buffalo, giraffe and Hama a j of 

hosts, Cases of cysticercosis bovis m man have ^ (1919), I'l'" 

the diagnoses are open to question except la o « nlso 
described Cysticcrcus boris from the Uivas (1937), from 

harboring the adult worm, and that reported ). hooklets w^re re- 

an autop\v in which cysts of T.nin '"‘h- X- 

covered from the following muscles: semitcnilinosiis, g 
semimembranosus, rectus and PJ'™"";'''''®- . „„„on Unman tape''"™- 
Epidemiology.— Tasnia sagmala is the m ^ solitiin in Framv, 

Its incidence is several fold higher than t - ylohainincdan 

Switzerland, Denmark, Italy and the unknown. In tlw 

countries it is common, while T. sobutn is p ■ ■ . 

Far East it is by far the more preraicnt of paw or rare hrei 

Human infection is acquired from the cons P‘,|o „e^„irc the infcH'™ 
containing the cysticerens "“Xe^rontaiiihig tl.e eggs "N ^ 

from grazing on ground polluted bj human c a qw 

parasite. Pastures polluted by sewage from nriia 
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source of infection for the intermediate host. Under suitable conditions of 
moisture and mild temperature the eggs may remain viable on pastures 
for eight weeks or more (Penfold, Penfold and Phillips. 1937) In 1912 in 
the United States, Federal inspectc<I cattle had a 0.14 per cent infection; 
in 1930 and since that time 0.37 per cent have been found infected. In 
Bulgaria the infection in cattle varies between 0.07 and 0.10 per cent, in 
water buffaloes it is negligible. 

Pathogenesis, Pathology and Symptomatology.— The adult Txnia .tagmata 
produces a clinical picture similar to T. solium. Towards the end of the 
incuhation perio{l diarrhea and hunger pains frequently develop and a lo-^s 
of weight mav occur. In children there is a characteristic increase in 

• r . , . , „ . . . • . It...' ;-i.* jj.^rch 

complete 
py insti- 
tuted in time, deatii may ensue tnurst aim itoim-omiui. A moder- 

ate leukocytosis may he present during this period but later a leukopenia 
may be discovered. An eosinophiha of fi to 34 per cent has been rcporteil. 



1 to lf.S — rvjOtfcrcw botf*. with in>#einsl<Hl irUo hloclcirr. (OtMlly 

(Onesn^i ) 


CasM are on record in wliicli the proglottkN «f this worm ha\e become 
kxlgi-d in the apiioiidix and ha%c pnKhicetl appeinlireal wlic. In one 
instance s|K’cific chemotherapy was institiiteil, followetl b\ ninii) c 
recovery from the “acute apjK’ndix.'* i ..*1 , :»i. 

Diagnosis.— This is base'll on the retsnery of gru\i<l progltittids \ 
uti-riiir arms iiiiiiil.cTinR nion- tliali lifUfii (uMmll.v I!' ” 

(Fir. 132, J) an'iiiilrasti-cl «illi tin- sm.nllor minilKT in T. (i to 1.1. 
UMially !l). It is ii,i]>ossililc to ■liir.-n-iiti.iti- tlif ••RR' "f.*'"' ’P"""' 
tlioso of r. .\t tinu-s the ].n>Rlotti.ls rvatuatisl in tlif tw's or tin 

Ii.itinittiav..part!.iIiy(llsintiRr.it.al.>rl..n.rl<.sltln-iriii'tnirtiioilianirt,^ 

AdlIl^ni^tratioll of a sdliie purge will iistialb n'Milt m the «h'>< barge of n 

proximal proglnttids wbieh can cMsily Ik* identifieil. 

•TK... I* e ns iiulirsitecl for 
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Intum). Eiiiplnymg ii maximum dosage of 10 Gm. or 0.07 Gm. per year of 
age for children, lie succeeded in evacuating thescolex in 72 per cent of 
the patients. Occasionally there was palpitation, tachycardia, a feeling of 
cardiac depression, iaundicc, and in women accelerated menstrual bleeding. 
In addition, there are the following available alternative anthelmintics 
wliicli are at times successful in evacuating these worms: pelletierin 
tannate and other preparations of pomergranatc bark {Vunica gramlum); 
tetrachlorethylenc, as atlministercd in hookworm infection; the strained 
infusion of mashed pumpkin scoil ; riecoction of nreca or betel nut: infusion 
of quassia wood; lie.xylrosorcinol crj'stoids, and oil of chenopodiura. (For 
a consideration of these tmniafuges or trcntacidal preparations the reader 
is referred to pp. 0)42, 040, 050, 002.) 

It is essential that the patient lie given adequate pre-treatment prepara- 
tion, that the anthelmintic be fresh, properly prepared and administered 
according to recommendations, and that the lioircls he adequately evacu- 
ated by saline purgation within a few liours after specific medication. The 
stools passed for several hours after treatment should be carefully searched 
for the scolc.x of the worm. I’aihirc to find the “head” is almost presump- 
tive evidence that tiic treatment has hcvn unsuccessful and that a new 
strohila will develop. 

In addition to the tlmc-testc<I tmniafugos and tmniacides two drugs 
previously employed for other parasitic infections have proved of consider- 
able value in eradicating Tsenia saginala. In 1947 Ncglime and Faiguen- 
bnurn reported on tiie use of alahrinc for tlic removal of 7’. aaginata, T. 
soliim and Ihjvienolcpis namt, with cures in 25 of 30 patients treated- 
More recently Pipkin and Uizk (1949) have tested this drug in 42 school 
children in Lebanon, aged 4 to 19 years, who were infected with T.sagma^. 
Employing a total dosage of 0.5 to 1.0 Gm., depending on age and weight, 
administered in two doses an hour apart and follow ed in three hours with a 
purge, only 7 of tbe group were demonstratcil to be freed of the infection. 
Pecause of toxic manifestations in these patients the drug was discontinue 
as an anthelmintic. Brown (1948) and Jlernundez-Morales and ban lago- 
Stevenson (1949) have reported on the efficiency of hexylresorcinol admmi^ 
tered transduodenally as an emulsion. These workers state that i is \erj 
effective against Tsenia sagimla, whereas only moderate .j, 

attended its administration orally in hard gelatine capsules (i f., 


anthelmintic). . , ,oni,rr<>s 

Prognosis.— Usually good. Complete eradication of • „g 

the evacuation of the "head” as well as the remainder of the wor ’ ‘ 
an attached “head” will protliice another complete w’orm of sever 
length in three to six months’ time. fnsnected for 

Control.— All beef consumed by man should be carefuJlj P 
cvsticerci. In the United States only about two-thir ^ 1935). 

exclusive of calves, is inspected by the Federal Governmen 
Cattle which have not been exposed to infection for a will 

usually safe for consumption, since any previously acquir 
have calcified or oaseated during that time. Thoroug 
insures complete safety. The practice _nant women, 

persons suffering from anemia, tuberculosis etc., an P 
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lias lieen responsible for infection in no small number of j)er<()ii'> Some 
alternative tlierapeutic, ns liver or iron, should be prescribed as a safeiniard 
against this infection, 

In order to exterminate te'eniasis sapinata from a lighth endeinic area, 
cattle should not be allowed to graze nesir ground polluted with Innnan 
night*soil. On the other hand, Penfold and Penfold (1P37) lia\ e foiiiul that 
calves readily develop an immunity A\hen pasturwl on hea\i]\ intccte*! 
sewage farms, so that after two years they are essentiall\ innociious 

Tasnia confusa Ward, ISOR. Crhe confused tapeworm ) 

Synonym.— ranj'a bremnen Stephen^, lOOD. 

This Bpecies of Tsnia, of tlie subRcmis Tsemarh>jncbu%, lias l)ccn prcMnii-Iv n*- 
corded four times from man in the Unilc<l States, twice from Xobraskn. once from 
Texas, and once from a I^uisiana patient TJic author has at'O iljisno'Ctl one 
additional case each from Illinois, Tennessee and Mis'issiiipi. An incomplete 
specimen of Txnia which came from a woman in Xortlicrn Xigena and has been 



— nn<l o( Tmum ennJuM 

(OriKiiisl ) 



Ik. 17<I Miiiife |iniEl<>Oi'l "f 7Vwi'» 

run/uxi X • ( \ftor C Iiinillir JnufTixl 


descrif>o»l hy Stephens as T. hrrmncri, is jirolviblv refcnihV to T 
(tt'20) has fmirid 3 ca«es of Trnia winch he dnjjiiovsl ns T ron/««rt m .CS in- 
l«tietits in Hast Africa Inata (IP'JP) n>iw>rfs this sjKrif- from Jnjisn The worm 
has not Iwn reconle.! from other ImMs aihI its life hi-tor\ i- mromplel. K 
Tlie entire worm mensiinH from .5 to 8 ineler< hi lenjjth nml roii'i-ts of imm .<*> 
to Wm pn>Klr)ttids The msjonfv of these are hmswr than broad and the trrmmaJ 
ones nre imii<u.ally Ioiir aii.l narrow (Tie 132, 4 ) The bead, wl.ich i- iinarm.s) 
(fie. PiO), isdome-sli.aiied and measures nlioiil I I Umtn It jk>s-j-s»-s <,iir ^r> 
inuviilar suckers, N unaruMsl. and is dinnily n-t r-ff from tb-' neck mri-ii 1 lie 
proelr.ttids do not ha\e the M>xiial nrjnns fiilh-dea*?-j-sl (fie 1 . 0 ) until th*' 
»I'pro\uinl<lv B.^iiari-h {(1 ba 5» miii ) Tlie I.Tininal (i r . ^aid) 
nica-Mire from' 2.'> to .Tl mm inlenctl. ha S.’itoHmm in width Tbcecmtal 
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dinracterizcd by liavlng a plus-likc papilla iiliicli nearly fills flic atrium Both 
cirrus pouch and Vasina o|xin at the tip of the plug. The gravid uterus is dfetin. 
quislied by the great irrcguhrity of the divisions of the lateral arms, iihicli are 
deeply constricted near their origins hut are snollcn towards their blind ends. The 
uterine eggs measure 33 by 42 p and possess distinct polar' filaments like those of 
T. sagmntn. 

CfllvM ^ycro found l)y the author to be an acceptable mtermeeJiate Jiost of T. 
confusa. Tlie cysticcrci mature in aljout twelve weeks (Fau^t, 1930). 

The clinical aspects of this infection have not been carefully studied, although thp 
author’s ease suftcred from abdominal discomfort. Administration of the okoresin 
of Aspirlwm resulted in removal of the entire worm with its head. 

Tcenia africana v. Linstow, 1900. (The African tapeworm.) 

Two specimens of this species of ta>niarhynchid ecstode were obtained by Fulle- 
born from a native poftlier in the vicinity of Lafce, East Africa. The speci- 


Rravid ones mcasurins about 7 mm. in length by 12 to 15 mm m breadth tuf* 
pcnital pores alternate regularly in the middatcral line. The cirrus pouch is pyn* 
form and thick»waUc<l and both cirral organ and vagina arc beset with ciliary 
bristles. The %'as deferens is highly convoluted. The tesfcsarc very niimerousa^ 
occupy the greater portion of the mcscnchyma. The large bilobcd ovary 


consists of a median longitudinal tube uitb unbranched lateral arms rauiaiing 
it. The life history and cUnic.nl aspects of this infection are unde'cribed. 


Taenia ttenirofonnis (Untscli, 1786) WoIfTliiipcl, 1911. 


Synonym.— Tienin in/anbs Bacigalupo, 1922. • fpripd 

This worm is a normal parasite m the intestine of c.nts, which r. 

from consuming raw rot flesh. A single human case has been rccorde , 
five-year-old child m Buenos Aires, Argentina. 


Genus IMulticeps Goeze, 1782 
(genus from viulUis, many, and raput, head) 

Multiceps multiceps (I^ske, 1780) Hall, 1910. Clhe tapew 
causing cerebral coenuriasis.) 

Synonyms.-Tu'iua mulliceps I^ske, I7R0: I'ermu ®, 786 ', 

1780; Txnia vesicularis cerebrma Goeze, • . 808, 

Polycephalus ovinus Zeder, 1803, Ctmur 

Tznia canurus Kuchenmeister, 1854; Multiceps gutytn gtage oi this 

Biological, Morphological and Epidemiological an armature of 

tccniid cestodc, like that of Txma wlwn, is 40 to CO cm >" 


150 to 170 n anu me smauebi. ones w «.«.» a 
8 to 10 mm. and a breadth of 3 to 4 mm. 


The grand uterus consists 01 4^- 



TIIL cycloi'hyllweax c/:sToin:s 


n\‘> 

on either ?i(le The crux 
n the xinall into-tine of tlie 

«,Mt „i 1 . • . l*ara«itc, altlunigh the 

won maj aKo ‘•erve in this capacity. 

?[ muibrtps was fiist demonstrated l>y Kiichcnnicister 

m The gravid proglottidx or the liberated embrj-onatwl eggs are iiasscil m the 
anfmah drink^ tlie eggs are A\axhed into puddles from which sheep or other grazing 

digests e tract of 
embrj'o c«capes 

%essels or lymph channels. Upon coming to a place of lodgment it proceed to 
acNclop or it rnay hegm an active migration fora while Usnallv onlv those cinhn o« 

complete dexclopincnt, al- 
though Sopikof (1931) has found the lar\-a of this sjiecies localized in tlie muscle of 



I'M. l7l.~Cffnuru«em«»ral»* Cy«t from bram of X I (.Vflcr Hall. U ncrarl- 

mciit of .Amiculturc ) 

hf^p. Once arriieil in this l()c.atton, the emhiyo liecomcs transforiiieii into a 
coTiiiriii, a tyiie of hl.ndderworin (Figs I7I, 172) which differs from n eystircrciH in 
a's Vm hc.ads inv.nginate<l from the wall into the hhdilcr ca\ity As many 

7/1 • niny develop willitn a single cirmmis Kach pcolcv (Fig 

tiiiniature replica of the head of the ailuH worm and, under, f.avorahie 
ix ftfr'*' of producing a complete worm. Onhnarily 'iich opiKirtiinitv 
of I sheejf. or c.attle-<h)gscon~iime the brains of animals that liaiedicd 

‘f* hl.adderworm infection. The common l.ar\al luets are slif>f>p and goat*, 
lajiuni:. cattle, horses, g.atelles, aiitelojies and other herbnores, ns well ns the 
miaiis, .tfortirn >iiulnll<i and nilcntn, hate also liceii recordfsl as interrnisl- 
wte host« 

1*'^^ '‘uthentic human case was a Paris ll•rk.smith, ohlainrs! in IHl 1 and re- 
I llrumpt, lot.') w ith .a hi«tory of ajiha sia and epilepsy. }‘o'tmnrUm search 
c\ea|(Hl tlio presence of .a degenerate ctrniirus (w ith free hofikiets, a cotii|il<’te scoter; 
the ^^'ilcic granules) in a lateral ventricle of the brain, while iniUshlc*! in 

It «** ' cerebrum was a complete cienunis witb no h^ss Iban 7.*»>fsibcisi 

as infernal that tbe infection bad re*iill«sl from rontaminatHUi w ilh egg' of tlie 

j. '^’ful bum.an infection with the eirnimis of .V. wMl/»er;>t w.as rcj«>ftc»l Iw 
* 'cr (10tI);Bt aut(ips\ of a .‘vnith African nati\ecj-st«of lhi« sisviisi were foot id 



.'{k; 


77//; f'yvLopjiYujh}:.\x rpsTopps 


II I ittar ,ui,J flcMitiK in tin* Ht VriitriHf (jf tin* liraiii/’ AIm, in laM Chi.ljam 
pithli-iHti til,, rcc-orcl of c-n'linil niwiriiHU in n tliirtv-nlnc-vonr-nld khW 
fnm iJJww !,t n <n-mTn< a( .U. rrcncm/ 

fiom III,. jMi-lrrmr li.irnnf tl„. Vi-nlriHr', A r«iirt}i 

/It. ua« Ill'll ,if a fmirt».,.n-\T.nr-,)l,l girl who ,l«.\(-loi»o,l jvirapWLi in Dwm- 
M r, I .Mii A ni iiunH wa.* n.|uov<.«l from tl,i. ..pinal mrd. Tin* Rirl liail never l>cen 
,iUfM<h.(;r,.a( Uritnin hut may IwiVf*r,m(nirl«l tl,,. infivfion in U'nle«|rf>t«oen 1943 
ntnl nM.*i (|{ii,.U.‘y. HM7) 

P»thotenesl8. Pttholoiy and Sjrmptomatolofjr,— The n'lnll »laRc of MuHirept 
riiullirf j>i in the il<»R'h uiN^'lnn* tw lo no |iar(tciilarly ^i2llificallt ..ynipffun' 

I lie ni-nnriH ui uilerme'liale IiO't.* pnehtoM “gnl" or \ertii;o, due to the Rrowlfi of 
the crniirn-i m the lirnui anil ^intinl mnl. Tlie fir't ri'[>orte«l liiinnn ca..e tlevelo[)cd 
njiha-n. nle\n, iiialiility t«, write or ralnitnte, ntn! frerpiejit pjiileptifnnn yirure* 
The*,. \vin|it,inis wen* attritniteil |o an intmrrrelim! |Kira»ite, tlie ,liaRno'i« haiinj 
Imm'ii htiT ronrirnuHl hy anto|»-y 



III.' iiiini* mxtio^ Miriirinno . »». im*vi 
, \(irr Hall I ^ of Ai:ii..wl>*>tF , 


Di.lnosis Tin- ran In- innilo only tniitati.fh ilnrins life ami 
morlrm conririnatioii The fisni'ite imi*l l»e dilTereiitnle<l fnim the n>orc 

rr/liilo-.r antl liy.hlld ey^tv «f the hniin. m'luiri of nttier '!>"a 
iiniiii tninor'^ aiwl other rrreliml Ie~ioii< 

Profnosls. (Irn\e . „r,i.ivivificnf 

Therapeusis. No treatment U j»‘*'“'*ihle e\eept vjniplomatie rare 
Surreal remoMil npjK.ap> to Ik* impmclieal. - rn fm-iwt fe"' 

Control. lAtreme rare -honld l>e e\erci'«l m inrceteif ^ |,o«ts 

tamiii.itu)!i fnmi dog’s feces When epulemie< in slieep or o le 
break mit, the careass,.'. fhould he hnrne,! to |»rexTnt infee ion " 
dog.», aecoinpanH.il hy jicrKalic administration <*r kam.'i a or 
anthelmintics t<i cniioso,! dog'*- 

Multiceps glomeratus Unitlict and Henry* IIH-*- ^ 

Synonyms. — r/rrtMr«« glmufratin (Haillict and Ilenrj . 

... . uliicli 


i/i. 7 j 

,...1 Ifonn'. 1915) Bnimpt, 19— _ 
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from the intercostal mu«cle of a natixc of Xorthern XiKcria A '■ccoiul ca‘o was 
referred to this species 1)3- Taramelli and Duhois (1931) Tlie niateri.il was obtametl 
from the subcutaneous tissue of tlie nj'ht forearm of a nnthc woman at I’liijia, iii the 


M long) and IG small (Go to 70 /i long). It isbelie\'ed that the human infcrtion wa^ 
accidental, due to contamination with feces of some carnumre, po-siMv a dug, whii li 
harborcrl the definitive stage. In the second instance the c\'st was de-enbeti a- 

'ts<tntii<‘ 
hookh N 

. ebcliiwc- 

that the lar%a obtained from the second ]Vtticnt should not be assigned to 1/ 
fflomcrnh/r and that it does not conform to an 3 ' dcMiribed sj>ccics of the genus 

A third case of cernuriasis possibl 3 ' referable to this s|)ocies was rciwrterl 1)3' C’aii- 
noh (1942) from a thtrt 3--3 car-old male N igenan from tlic same Ioeaht 3 ’ from whieli 
Turner and I..eipcr obtained their camunis 

Multiceps seriabs (Gervais, 184.>) StlloMiml Stcxeiison, HK).') 

Synonyms.— C(rni<ri/j scnalis Gcrvai®, 184.>, Tstina unahs (Gervai', lS4.’i) 
Ilailliet, 1803. 

The adult MvUiccp^ scrialis is a |iara«ilein the intC'tinal tract of the dog. the wolf 
and tlic fox The larva, or ccenurm stage, (Ic\ clops m the intramiisfiilar connectiie 
tissue of several rodents, as the rabbit, co 3 '|m and squirrel, as well n< of the haboon 
and mandril. 

Xagaty and Ezzat (194G) report tliat thcc«rnuni«of this sj^Kiie' isalmut the size 
of A pigeon’s egg or smaller, that thcscohccsarc irrcgularl 3 ' '•c.itlcrwi along the inner 
Rcnninal membrane of the cyst wall, that the total miniber of hnnklcU on eaeli 
wolex IS 30 lo 32, that tlio larger liooklets meaMire I4S to I.' 1 microns ninl simller 
booklets, 94 to 104 microns 

The first human infection to bo re{H>rt«l was that of a rreiicli woman of fift 3 -nine 
jears, who liad never left rraiice and was very fowl of dogs In 19.1.1 a palpable 
tumor iiiavs of oval contour, mea»urmg 90 b}' 3*» mm , was renun mI from tlie |>a- 
ticiit’s right buttock. Witbin the tumor tlicre was a civnurus willi mimerou' 
‘cohees, some of which werefetl to a dog Tweheda\-s later, when llir .animal w.a'< 

sacri^'-'’-' - - • ■ - • Tl.n ..rol.r-r-. 

nfth 

diagi 

Woman was re|K)rte<l b 3 ’ Brunipt, Diiaoir ami Sainton (1931) to have tlirce '•iil*- 
rut.aneoiiH tumors, which were nmiovcil 1 > 3 ’ biop^v and at aiiloj)'}*. I..arh tumor 
rontaiiirtl n ccenunis of .If. sermhs One additioiual nnuirus, tent.atn eli a-'i.misl 
to this sirocios, was obtained at nuto|»*> 3 ' from the brain of a 1 m »3 from nird ( .ahfornia 
(Dr HerWrt Jolmstone, in Crnig and I'aiist, 1913.) 

(thM-H I'CIIIMKOKIH KriuiU'IK. ISOl 
(gi'iuis from sxborf spttK** niwJ l)iTr,v) 

Tlu>p< Jills Erhhux-itrcu^ inchules ts'pieal l.viiioid woniisof iinnute'izc, u-mlh imt 
"'*T a ri-ntimeter in Icngtli, r<in-i-tmeof a l« .id ami .3. 1 «rr .‘»pn'gl''Hid«. of wlnrb I 
>' immature, 1 or 2 an- matun*. and only 1 or 2 (the trrmin.al pn-.;!..tti.M .an- 
Cpviil Xlie lieail h rniwiual w ith .a iIihiIiIi* r«>» «>f l«>okl< t- Tl.e cetulal 
alternate irregnl irly in tlie iniil-lat< ml margins 'niedffimtiae leetsof tm mUrs «'f 
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tllh KI-III.S ore ™nin« and fdi.«~.. «hilc pradicolly n„y may «ric a., Ihe 

intcrmechatc ho''t. In addition *'* t*’" . 

groHu/osiw, the following siK'cic' . . ■ ; ' • , . 

from Fclin cnncolot nnd h\ yn^ ..., 

/;. hnffirnnnu/jriujt Cnmeron, 1920 from Lyrmn coj^niis; K. cameronl 
Urtlcpp, 19.1 J frmn I ulpr^ tulprg, «m| A*. UjtaontU Orticpp, from (ho liuntinR 
doK, l.ycaon piclns. It n|iiH‘.'»p« likely tliat f’chitiocorcun mni Brtimpt and Jojeux, 
192-1, olitflificd in the Iar\-nl ^tnce from thenRouti from Brazil, is tlic hydatid form of 
h. ofiporlArux. It is nltoRether jio^siljle that in Soiitli Afrira and cl'Kswhcrc, where 
sjiccjes of hchitiocoecu^ other than tC. ffranulo^ux occur, hyd.atid cj'st in man and 
domestic mammals may lie ilue to infection with oncospheres of the other f()ecies 

Echinococcus granulosus (Ihitsdi. I^SO) litidolplii. IWr,. (T/te hula (id 
tape wnrtn, causing ccliinoixiccosi*! or liydatid cyst.) 

Synonytna. TVam nacfro/i* tocinH/i ffrnniihfii* Ooczc, 1872; Ilydatigena 


185(. . • • • • •• s . . • I- . • 

eus" ,s » ».• . • ^ ^ 

Irf-U' \ • • • • * ’'s' . . I 

ISOI. 

• a* TJi*a *''' * -—•••• r» ••••«mid ilise.nse, was cliaically well I^nown 

i . Imml makcsi reference to tins condition 

H.C.), Arct.TU* (9-79 A p), and Galen 

‘ • • • • * * 'disease. IIowcver,thetcrm“hjdatid 

was Hsetl hy many <if the ancient and moxfieval phy^iewnsforany tumor or swelling 
of a cystic character. Both (ir»S4), Hartmann (lC>So) and Tj«on (IfiOl) 
apparently tlie first investiKat^uv sii«l>ect the animal nature of (he ,.j 

cyst. Pallas (17ti(i) sneRcstoil (he siimlaritx*, if not identity, ofthchuman hyda i 
with that of other nmmaN Goeze (1782) studied the head* developing from tw 
cyst wall, reroRniztsl them a'* ta^moal cestode'', and diffcrcntiatcxl them from 
the cysticcrciis and eicnurus ty|»e< of larvx The adult wonns in^thc in e« m o 
the doR were proh.ablv first discovered hy J. J- Hartmann (1095), an a f 
Hudolplii (ISOS) who'l>ehe\cil them to Ik* young forms of DipyUdtum mmn 
Van Bcnctlcn (1850) recoRiiizwl (hem ns n scjvnrate s|>ccies (T nnm v. ucneu , 
18:>S). f-oip 

The first c\|>crimcuts to determine ’ ■ .... 

wore coiulucteil hy v. Siolmld (1S.52), 

rccovcreil large nuinhcrs of little taiicworms uom ...- ti>p fir«t expcr*' 

confirmed hy Hauhner, JvCurkart, Klirhcmnei'‘tcrBnd NcUIe^hip. ,,, 

meiits in which echinococci denvcsl from man x'erc feil to imgs t flS03), 

■ — f..i «ui.n»,.h Xaunyn m j,,,/ 

. . '..s •ustraliabredtheadaJt 

• ■ s . p<C\6 in France, Dew, 

. • nany other 

,iJ, the liWosic.al 


endemic foci throuRhout tlic world lia\e coiiui-a**' 


Granulosus latectios. 


-JCch'iiio- 
, hut this 


clinical aspects of the di«easc 

Geographical Distribution of Echinococci^ ''“F":;' j- *.:i,,,tion. hut 
cacci/.f granulotii.t is de.scrihefl as cosiiiojxilitnn m ' ® 
statement rerpiires qualification. Considering the s distribu- 

btage in both man and domestic animals, it is foiin 
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tion is nuiylily that of the ^liir|)-, and «ittli‘-nusirij: rcpi»)ns of the world 
(I'iy. 17d). Atit(KdithoTnms hiimnii wim-s arc, Iujwcmt, more limited in 
their distril)ntion, the ar<*as nf |»n>rii(*<lay hen\y Infeetiou Indiip confinerl 
t*i South Australia (iMe)ti(lin;: Tn‘>iim«ia), New Ze-alarid, (’ape Colony 
(S. Africa), 'ranjrany ika (Iv. Afrini), Arpentliia, I’arapuay, 

southern. Ilraril, esjH*<*ially the state of Ilio (Jrantle do Sul (Pinto and de 
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I K. jro 


.. . , , X 40 (Orwnil rlm'osoiph 'o’” 

pninv/tMU* l.litwo iitn>biS^ X 


I Ki J74 Hfhu..... -- 

..4O0U.....1. rr-.ly en..440<l (■«<" ' 

' "Ir"™" 'l-JL' .t X « > 


Almciila. Ill Hi), I’alcotim-, KK.vpt ali<l .yp'ria- 'S'' "a^hri'acM™" 
quite Kcneral in ('entral and Xortliern i _,v}n arc found m 

not heavy. Similarly, ea«t*s of uiimi''takahle • t'l,[ilppincs, Siberia. 
Northern China and Mongolia, .lapan, , ji . (|,e United States 

Arabia, the Punjah region of India, ‘ l,„t nostudyhasbeen 

In West China there isn 2.r.iHT wnt ^H^Kian?. 19-^^)- 

made of antochtlionous Iniman infectin'* (Kn • 
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In 1900 about 33 per cent of autopsies in Iceland providc<l evident of 
lijdatid cyst. By 1913 the incidence had decreas^ to Ki.G per cent. 
Between 1930 and 1944 only about 5 per cent of 1,231 postinortoms at 
Beykjavik showed infection and this was mostly in tlie liipher age groups 
(Dimgal, 1940). 

The first human infection with hydatid cyst in the United States w.is 
diagnosed in 1808. Through 1940 there was a total of 519 reported casc^. 
95 per cent in immigrants. Altogether 15 instances of the infection lia\e 
l>een diagnosed in the Charity Hospital, \cw Orleans. Louisiana. Ten of 
these, including 4 negroes, were natives of Louisiana (Swartzwelder, 1917) 

The Adult Worm. — The adult Echinocorcus gmmihsux (I'lg. 174) is a 
minute cestodc measuring from 3 to 6 nun. in length. The head is pj riforin 
and has a transverse diameter not o^cr 300 p The antcriorli situatcsl 
rostelhim is armed with a double crown of 28 to 50 booklets (usually 30 to 
3<)), The four ovoidal suckers measure about 130 n in diameter Tlie neck 
is attenuated posterior to the suckers, so that the most constrictefl region 
is just in front of the first proglottid, winch is immature and is iisunlh 
somewhat longer than broad. The second one is nearly twice as long as 
tlie first and contains a full complement of genital organs (Fig. 175). TIic 
third (usuallj the terminal) proglottid is gravid, it is much broader than 
the second and may attain a length of 2 mm. In the gravid proclottids 
the main stem of the uterus develops lateral cvaginatioiis, so that its 
appearance is that of a loosely twistc<l coil. Wlicn the uterine wall becomes 
fully distcndcil, it bursts open, allowing the discharge of the eggs This 
may take place before or after the proglotthl has become separateil from 
tlie worm. 

Derelopment of the Hydatid.— Most of thcprescnt-il.av knowli'dge on the 
hydatid stage of Echinococcus has resultovi from the studies of Dev e anil of 
lievv. 'nio egg (Fig. 170), which is cvacuatcil in the dog’s stool, Is so 
''itnilar to that of other tamioid eggs, including those from sppcii's of 7’.T-aiM 
and Mulliccfu which live ns adults in the inte>tinc of dogs, tliat it cannot 
be ilistingiiisliiil from them. It ix>v<om*s a lliick, brown slit'll, coniixwt! 
of many truncated pyramid.d parts cemented togrther (the outer einbrvonic 
membrane li.aving bwii digesttHl off in the dog’s intestine), within whieli is 
the heTaeanth ernbrjo, characterirwl l>\ tlirs'c pairs of booklets. 

Unilocular Hydatid.— 'Hie egg, u|K»n lK*ing swallowetl by man nr other 
interimsliate hosts ns a cont.iminalion, p:isM*s fnto the diKKlenum, where 
the shell is dlgesteil nwav and the onn»'phenN by means «if its hixiklets. 
prtKTctls to invade the imiro'<». Barnett (191.5) st.ates th.it the rmsli.in 
pair of booklets is uhsI to enter the ti-HMics .and the two l.iteral jwirs an* 
propulsive in function. The embrv o works its s\h\ thnmgh the intestinal 
"all until it rea< Ik's a capillary or meseiitrne venule, w hen-uiKm it is rarrin! 
IMssiM-ly in th,. l)I(Mxl stre.im until it lo«lg«*siii j^oineeapilLiry filter. .Mean- 
while the luKiklets have l)cen lost. Tlie first filter is U'Ually in the liver, 
where the I.irgi'st projiortion of tlie eiiihrjos hxlgs- and U-eoine impl.nntisl. 
|niis aevsinnts fur the gn-at jm'iKmdrnincf of livil.itid rvsts of the liver 
’Hie next filler is in tin* lungs. «lierva •x»tiiewli.nt sninller iiuiiiIk r of emhr\os 
Iks-ouk-s ](>dg(s|. .''till sni.iller mimiHT* niMli more ih'taiit fixi ao<l 't.irt 
thrinlevi lupinent in smh liK-.ditu's 'Hiits. nithiti thm-or four hours aft* r 
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being sn-allowed, the embryo may reach the plaee of its larval development. 
It is soon attacked by rnononudear leukocytes which probably destroy 
large numbers of the invaders. The surviving embryos increase rapidly ia 
size, so that by the fourth day they reach a diameter of 40 n and begin to 
vacuolate. From three to ten days later a miniature hydatid has been 
formed, with an inner nucleated germinal layer and an outer hyaline one. 

By the end of the third week, w'hen the larva has attained a diameter of 
^ ’ • . « » • to show a definite reaction to the parasite. 

. ■ • • lydatid the endothelial cells are arranged 

■ ■ .nfiltration of giant cells and eosinophils. 

Surrounding this is a zone of fibroblasts, eosinophils and new bloodvessels 
in process of development. Fibrous tissue surrounds this zone and grades 
off into normal tissue cells, which may be alreadj' undergoing pressure 





Fig. 177 —Schematic represenUtion of 

brood capsules and scolices I da^hter cysts producing 5’ (Ongi- 

production from gccmmative layer. (alveolar type) 

germinative layer, sterile daughter cysts. U i«ogcno 

nal ) 

atrophy, due to the steady inir^ -n fte of ^"4* month, » h® 

ment of adventitious tissue (the ,l,g <|„ter cuticular layer 

the cyst has reached a centimeter essentially devoid of 

(the eaccysi) has become dlfinltely Js ready to prodate 

nuclei, while the inner germinal rfte ““ses of nucleated 

brood capsules. These arise from a i„R minute inner one- 

cells, which grow and become vacuolat^. gt^iked. Such vcswl 

layered cysts or vesicles, which germinal layer (Fw- J' ' 

or brood capsules develop at many Leome sep.sratwl from thm 

Due to trauma, the brood capsute fluid of the cystic cm it. • 

mother cyst wall and come to lie free 
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Usually these brood capsules develop internal buds, which produce an 
internal cuticular layer. Thccystwall then forms an invagination, in which 
the scolex continues its development, becomes stalked, and develop> 
suckers and booklets (Fig. 178). Meanwhile the scolex has invaginated 
into its own body in order to protect its booklets from injury The free 
brood capsule and free scolices (i. f., “heads") in the canty of the hydatid 
cj'st are commonly referred to as "hydatid sand.” In some cases the 
hydatid may never produce brood capsules; in other instances these may 
become sterilized by calcification. Likewise, the brood capsules may fail to 
produce scolices, in which case they arc acephahqfst.^. Again, daughter 
cysts may he produced by trauma, but their production is^ not a normal 
procedure and prohablj* never occurs endogenously, ^^hc^e they do 
develop, due to ruj)turc of the primary (mother) c> st w all or to unfavorable 



.■r,virnnmcTital o.nilitinn, for the paroMte, tlirr usually hw 
(nvhic, i. r., tiK-v become iropla.ite.1 outsMe of their onpiual loco, ol 
implautatinn. Such evata inns oripnale (1) li> separation of a of 

tlic perinlnal later from tile primary cyst nail, (2) from tlie 
Kermmntive lasers of the liroorl calisule, nmi (.2) (lireetlt mm i _ 
The laminahal miter l.ayer of the ht.latiil Is sterile an, Cl'” ' 

either to endogenous or exogenous secondary CNsts I tw s c p- 


Tlies^ hemlatnriiortions la-eiime .eparatetl from the parent i 

" UeVl^KSom, farrlesernasl (Kip .711, Is 
imfloenfar. Other tnrieties am not iineomnioii. Tlie most tretpii nt 
nlimirmal forms are the o/rmfiir nritl the Aysfii/iif, _ ^ 

Mm, hr lluihlil i'll .'fan. liter since 7 irrlion , ill IS-si. 
alteolar li.tilali.l iiif.-etii„i of the Imman liter, there hit l«en enii.i.lrntl.le 
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controversy as to its origin. One school holds that the parasite causin'* 
the infection belongs to a different species or, at least, a different variet? 
from that producing the unilocular hydatid. Another group maintains 
that its form is due to the t>-pe of habitat in which the embryo becomes 
originally implanted, not permitting the development of the unilocular 
variety. Certain it is that both the structure and character of the alveolar 
tyj)c arc markedly different from the unilocular type. It is a malignant, 
metastasizing tumor, with an irregular, reticulate outline, not definitely 
delimited from host tissue, as contrasted with tlie definitely circumscribed, 
spherical, unilocular variety, usually of a benign character. Structurally 
(Fig. 180) it is a porous, spongj* mass, consisting of multiple hydatid 



n.i 17') -Unilooulnr hydatx! cy»t of the human Incr. 
inner (t c . gciminal) membrane of tho cys.t walN X } (After Iau» ' j jj ji. 

Practice of Pediatrics; courfesy of AV F Prior Comtiany, photograph, 

Loucks ) 

vesicles, none larger than a pear, frequentl.v sterile or 

tion or calcification, imbedded in a fibrous stroma, ^o „i,npnrter 

tissue it becomes implanted or where its satellites dev^op, i 

and nature of the alveolar tj-pe are always the same. and 

cystic fluid, merel.v a jelly-like matrix. It tends toxins 

to become necrotic in the center, due to elaboration ‘ t|,c 

This type is most common in Southern Germany, ‘ . ;^*orthern 

Tyrol, Russia and Siberia, but it has also been seen m ‘ ’ alveolar 

Germany, Italy, France, Uniquay and tjpc in 

liydatid fJiffers inorphologicalLv from the / limitcfl character of 

several important particulars, including the relatn 1. 

the latter, without metastasizing elements. .,„:inriilar cAst which h 

Osseous //i/d«tn/.~This is essentially a simple unilocular . 
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not permitted to nssume its usually spherical character hcciui^e of confine- 
ment by the dense surrounding osseous tissues. It travels as a naked proto- 
plast alonp: the bony canals, ami erodes the osseous tis-iie nith wliicli it 
comes in contact. Undo (19-16) states that the commonest sites of osscous 
hydatid are the upper ends of the femur, tibia or humerus, the vertebra* 
and the ribs. The primary focus may l>e cither the diaph\sis or tJie 
epiphysis. If the lesion originates in the diaph\sis, the trabecula* an* 
destroyed, the bone is thinned and fracture occurs, if it first iiuoKcs th«* 
epiphysis, it becomes hour-glass sliapcti and proccctls to nneihe the 
contiguous bone. (Sec Fig. 181.) 'fhe parasite is usuallv sterile but ina\ 
produce scolices and even endogenous daughter cj’sts in ca«e it reaches open 
spaces. Osseous hydatid has been experimentally demonstrated in the 
rabbit (Deve, 1948; Perez Fontana, I94S). 
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Dew has attempted to e.^kin the several varieties or types of hvdatid 
cysts on the basis of the relative development of the four functions'of the 
germinative layer, ii™ely, gron-th, budding of new reproductive elements, 
elaboration of hydatid fluid and production of cuticle. In unilocular 
hydatids all four functions proceed synchronously. In alveolar hydatid 
the growth function becomes exaggerated, giving rise to metastasizing 
roots. Ihus, this variety is believed to represent a “functional dissociation 
of the properties of the germina} material." 

Epidemiology.-Human infection is always with the larval or hvdatid 
stage of Echinococ<ms gramtlosvs an<l results from swallowing the eggs of 
the worm, passed in infected dog’s feces and reaching the human mouth 
from contamination of fingers or from food or drink served in fouled con- 
tainers or ivitli contarainatwl utensils. The most common reservoir hosts 
of the larval {i. e., hydatid) stage are sheep (optimum host), cattle, pigs, 
horses, camels and goats. The infection in its iarval form has also been 
recorded from monkej's (^Macaca synchtafascicularis, M. vitikUa muhtta, 
M. syhana, Papio comatus comatus), the Asiatic elephant, the argali (Oris 
ammon ammor^, the antelope {Tetracerns mmdricomis), the zebra, the 
kangaroo, the mongoose (Ilerpestes ichneumon), the deer, the moose (Alces 
alcea alces and .^1. alces americanus), the giraffe, the tapir, the dog, the cat, 
the leopard, tlie squirrel and the rabbit. The dog, the wolf, the jackal 
and the domestic cat are the only proven definitive hosts. The dog and its 
wild relatives acquire the infection from consuming the offal of the infected 
intermediate hosts. 

Statistics for Iceland in the past showed an incidence of from ICO to 
33 per cent infection with lo'datid in the human population, and 28 per 
cent infootjon with the adult worm In dogs, but in recent years it has been 
greatly ‘ ■ • . . * ^ " 

of humf... • . ‘ * 

clogs harbor the adult worm, the human population m certain uibim-'b ij 
infected with tlie hydatid up to 2 per cent. In 1000 autopsies ^r/ormed 
in the Adelaide (S. Australia) Hospital between 1929 pd 1934 
26 diagnosed cases o' 
fied, fibrosed, etc.) 
to be that of Upper 

51 per cent of the sheep and -4.9 to 12.8 per cent of the pigs air 
where 0.07 to 0.08 per cent of the human population ^ 

disease. In Syria and Palestine 70 per cent of the sheep and pe 
of the cattle are infected. Condemned carcasses of these pl<TS 

consumed by jackals as well as dogs, thus increasing the • nhout 
a^-ailable for producing the hydatid cj-sts. In this jitter cou 
nf>r rpnt. of the street does are infected. Inthe Punjab, Sami ( 


tectecl. intnei , 

irlv 00 oer cent of the cattle 


25 per cent of the street dogs a 
28.8 per ce. * 

hydatids. . ■ _ . , 

the sheep-ri....;..e, . - ' ' • ^ .j <, i 

incidence among some of the peons is reported as ihm j,)rth-rate 
(Carbonell and Zwanck) and is increasing faster 

hvAitids cysts in man are acquired in clnldhoocl. Tins mo. 
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due in part to greater susceptibility but it is undoubtedly as«oc’iatc<! with 
infected dogs. PVequently the unilocular cyst may grott for fi\e to twenty 
years before it is diagnosed. It may be almost as old ns its host (IJarnctt. 
1945). I'erro (194G) has found that there is a definite tendency for hw.’at id 
cyst to be more common in members of tlie same family than in the general 
population. 

Brea et al. (1945) have reported on 150 cases of pulmonary Ji\ datid e\ ■»t 
operated on in Buenos Aires, Argentina between 1919 and 194.S Of tlii' 
total, 102 were males; 129 were natbes, 11 Spanianis, 7 Italians, one .i 
'.Jiigo-SIav, one a Frenchman and one an Arab. The great inajont\ pro- 
vided evidence of having acquired the disease in the Province of Biieno' 
Aires. The percentage age distribution was as follows: 1-10, 14.11 2n, 
20.0; 21-.30, 34.0; 31-40, 24.7; 41-50, 11.3; 51-GO, G.O, and GI and older. " 
Pathogenesis, Pathology and Symptomatology of Hydatid Cyst, - The seri- 
ousness of hjdatid cyst depends on the mature of tlie tumor, whether uni- 
locular, alveolar, or osseous, and on the organs or tissues in which the 
echinococcus embryo becomes implaiite<l. if the embryo settles in an 
optimum habitat, it develops normally into a unilocular cjst. with tlic 
proper balance of its functions, resulting in the production of bnxxl 
cap->ulcs, scolices and the elaboration of hj<}aiid fluid filling tlie c^s(H• 
cavity. According to Lemaire and Rilx're (1935), the average hydatid 
fluid has a specific gravity of 1.0118 and a pll of G.7, it contain** crcatinin. 
inosite, nmmoniacal salts, lecithin, and both proteolytic and gbcoI\tic 
enzymes. Ymaz Apphatie (1937) has found that tlie nllnnninoKi fraction 
of h.\<latid fluid has more potent antigenic properties than the ssa'h.irmc 
fraction or the unfractiaiiatcd fluid. 

An inflammatory reaction is set up In the host cell« ''iirrotmding tlic 
cjst, leading to the development of a fibrous tissue adventitia which more 
or less successfully insulates the parasite from vital host cells nder .such 
conditions the hydatid toxin is localize*!, as<leinon«trat(xI by the infiltration 
of eosinophils in the immediate area aroiiiHl the cyst. ^ Only whore '■cepage 
of the In datid toxin occurs through liicoinpictc cuticnlization. inclusion 
1 I M- I , .1 t.i .—•ii.,-:.... tnTMj into the 

pe ■ • ■ • herxpectetl. 

r ■ . lilncul.ir ty't 

result ill it.s sterilization or the production of eiMlogenotis daiiglifcr c\sts 
Hupture of a fertile cv.st raav result in the dislcxlgincnt of gcrnmiatne 
tissue and the development of d.'iiighter c\sts cxogcnntnly. If tlic*Mliinn- 
cocctis embrjo has liecome inipl.nnfixl into closely tsiiifinetl qii.irlcrs. 'U« i 
ns cannallciil.r of the Ixmes. it is unable tifjiroeecxl to typicid e*st format ion 
hilt l>ermeates all available .-iwres, eirxling ami weakening the ndjaifiil 
os'x-ous tissue (Fig. 181). Only in caT it cseaiH*s fnmi its (niiii|x*<l niiitim-s 
is it able to protwl to normal cv.st foriiwtion. The tnmemlous viz,- t«) 
which nlxlomtnallv iinpl.uitol liyd.ntwl evsts frecpientlv develop 4-’''*"* 
to incTe.ns«l ,Hsro‘mfort as the cyst gniws. In cave it n Mirroim<l<si i»v 
‘lislensihlchost tissue, the latter frecpieiitly Ix*c*>im-s imxlimxl fnim pn-vsiin* 
atrophy. Tlie implantation of whinooxviis mibrvos in the brain ‘’f 
prtxiuces grave symptoms in a relatively short tinir, the mrr«*a'<’» i >» »» >' 
tion frtxjuently rcMilting in suddrii death. 
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THE CYCWVUYLLIDEAN CESTODES 


Ihrnctt (1045) states that primary peritoneal cysts are rare; that pri- 
mary brain liyrlatid nearly always occurs in eliildhnod, while in adults it is 
usiially secondary to cardiac liydatid. 

On the l)asis of statistics coinpilc<l by various workers (Tliomas, 1894, 
in Australia; Peiper, 1003, in Germany; Deve, 1912, in Prance; I’into and 



I'lo 181 — 0=«euH liydatid of the upjier rwlit femur in ffust m 

extensive orosioii of tlio hone and in\-olMwnent of **,^hfttQerRph courtcW of H- 

Loo>c-Lcaf Medicine, courtesy of Thomas Nel=o« i Sons, pr>bwi.m 
LoucKs ) 

<le Almeida in Brazil, JIngatli. 1921, ■“ '^!"'^“’„rgans of man is af 

in China), the relative frequency of cj-sts in the ‘ mesentery 

tolloivs: liver 57-70.6percent:lungs.3-8-l-lpm'_ ' sul<- 

and peritoneum, 1.37-18.2 “"‘=11'™“’ "rint; spleen, 1.2-9! per 

cutaneous tissues and musculature, O.i J.l P , ‘ng-O.Oper cent, 

cent; heart, rwe, brain, 0.9-2.0 P" i„is 0,2 per cent; lemale 

orbit, rare; kidneys, I,G-6.1 per cent; male P ■' 



i UE cy 


Barnett (iSM) ‘'V c&,rotu,s 

Austnli'j- T> • «J*nDi7tvM«. ■ 

S-ICSa J ' ' '" ^ '■■■>"“; B/ato aW 



Roeiilgcnogram »ho«» (he 
liiomas VT^t r .. (After f’aust m jVcfaOu's 

mas Aelbon <fe faons. photograph, courtesy of H H. 


de Almeida in nn^n. -vr .. 

in China), the relative America, and Lotichs, JJ)30, 

follott's; liver 57~7(j Gner^^^e <n cysts in the various organs of man is as 

and peritoneum J •jVJjo o*^”^’^”^®’^'^“^‘^P®*‘cent;omentum,mescntcry 
cutaneous tissues nirt ~ cent; pleura, 0.7-0.9 per cent, shin, suh* 
cent; heart, rar? bra;n™'n Sn™’’ ’ B"' ‘ 

orbit, rare, Iddnevs i r ri spinal coni, O.8~0.9 per cent; 

> -0 0.1 per cent; male pelvis, 0.2 per cent; female 



THE cyclophyllideax ciyiioi>i:s .joi 

cjst of the liver is summ.ylzc<l as follotis: (1) Expose the .oKeotiti, 
surrounding the cyst by incision over the most pronnnent or mo,t cleiHnid- 
"ound ™ A T’’- , Thoroutdlly nail off the cxpo-ed surf. J 2 

mnnectid nth a closed suction apparatus (4) liijeet 111 to -,li „ in ...t 
cent formalin solution and ivithdratv the fluid in five nnmite. , n In. ne 
through the adventitia clown to the actual c^st. (6) Sep.ir.ite tin- c c st fn,!., 
the adventitia and remove the cy^tand its contents. (7; th. .'uJ\. nr,- 
m SMth 10 per cent formalin, allowing a few cubic centimeters t- r. m i.u m 
the site. (8) Obliterate tlie cavity (eapitonnage) In I'ntraraiis.tl.ir .utiirts 
H ^^ible. (9) Close the adventitia b} a don},(e ruv ,-f . .fyiit 
i.uturo>,. (10) Close the cavity without open /irainage aniimriiii. tit. 
ainentitia to the tissue beneath the line of incision 
. urgeons in Uruguay, uhcre the removal of livdatid evst hii- pri>\j.J..J 
J>oth experience and skill, emnloy di/ferent teelinic^ dem.,.dtr..r r.,, »»„. 


til f Ihparotomy and <liscover>- of (heex.nct location of the lesion. 

e Hum contents are very rapidly aspirated to proxent spillage into tlu- 
I filoneal cavity. Following incision into the c\stits<*Jf tJH’t\alIoftlip<y<it 
s scraped out as well as possible and the rcniaiinng parasite 1 issues treatetj 
lift one per cent formaldehyde. Then the caxity h M.islied out Kitfi 
F'*' u solution, leaving no apprcciahle ainouni *if fttriiialfieln <ii 

inaJJy the cavity is collapsed, its cut edges siaure<I together aiuJ tin* 
iwating Wound closed. If the cyst is in the lung-? it i> ih.ir.icterisfic.ilh 
'ftcapsulated. Entry is made between the ribs, the e\st is eotnnlefeh 


iwrasitc and cure of the disease.” 

lie (1910) Iia\ e j)roposc(i biologiad tlicr.ipy in hyilathl disease. 
113 consists in the intnuiennal introduction of .small .'uiiouiits of iiytl.itid 
y* 1^^‘iodicaII.v two or three times a yc.ir for a jK’rio<l of years. ’!«>- 
? calcium and ascorbic acid the antigen is statinJ to cause com- 
^ ^ bioIogK.il sterihV-itioii. 

, I'ropiosia.-'E.iir Jn oiXT.ible e.ises; grave in iiio|KT.»bfe c.ises .\Ki-oIar 
Care not to tprea«I the infi-etioii during 
JIctiim-iKV may Iw aiititijxitetl within 

' ■ . ^ : ; ihc ra.ses, due to failure to reiuovo .ill of 

{wrent cyst, or, nmre frequently, to developiiieiit of secunil.iry eysts 
'»! seoliccs spillwl info the oiK-ratAc eaxity. In Austr.ili.i the ngi'itrisl 
‘ uilis ha\e constituted lO.G per ci-nt of the cases of tJiis ch‘s«-as<* 

Uiarnctt, 19.30.) 

Infection it-sult.s from <.are>j»ing iiiftxleil dogs ainl fn'iii tmilait 
, *hrt, Xegetaliles and dishes conlauiiiiatid with (lie iggs fniiii inhxtwj 
. 7* 'Hiorough Washing of liamis Ijcfore eating would in.itirully 

Mrial attiiitioii in end* inic art.'is 




SECTION III 


THE ACANTHOCEPIIALA, OR THORNY-HEADED 
WORMS 

CIIAFl'Kll XXI 

the .W.VNTnOCEPH.VLA, OR THOUXy-HEADED I\ 01!MS 

INTRODUCTION 

This group of c\clusi\c*ly panujjtic wornis (Fig. ISI?) is coiiipo*.f(l of 
^pecjt*s wJilch are diaructcnzcil by having t\n> distinct parts to tlic l)od> , 
the proboscis (p) and the Loify proj)€r. TJicy arc elongate, un‘>egiueiiteil 
worms, more or less flatteueil (i. e., <lcHatc<l or decoiiipressc<l) when ali%e. 
but turgidly lindroidal or spindle-shaped wlieii |)rcserved or in a h.\ potonie 
inwlinni, and vary in length from a fen* nullimeters tt) oO or more crntim- 
etcrs. The proboscis, which is us\>all> rctra»tiJc into a inusdilar i)robo'>ci'? 
^heatll ijish) and is in most species armed with M;\cral rows of reciirMNl 
books, is at the anterior extremity of the worm ami st rws as an organ of 
atlnchmcnt. llencath the thin cuticula there U a hypoilennis which is not 
separated into cH.'lhilar units (i. e., it constitut<*s a \\ne\iimn)* 
hitcrnally one or more pairs of elongate teumitci (/), iimtimiations of the 
suhcuticula and encloseil lacinue, extend posteriad from the reinon of the 


ts apparently present in all "iwelcs. The iicrre tmws («) lies within or on 
the prohosci> slieath. 

file two >e.\es are separate, 'ilie genital |M>r»* K at the jn>Nterior extrem- 
ity- In tile male (Fig. 18'i.l) it issurronmleil b\ a*ami>anulati' 6nr»ii (6 h). 
fw«) /<•«//•» ..t.. /» /"•' - • •iclr (rgr) and a tiif/inisnry 

111 the/r;/»«/r (Fig. \h'2H) 

• • ' • »r end of the -heath to the 

uterine hell. The rmiry first hre.ik.s np into egg halls orJlinUag omriVt from 
whiih a large numiKT of eggs ile\ elop TIunm: rggs. wIiK h are pr«>\ idetl w ith 
thiTr (at limes iiroh.ihly four) eiixeloliing ineiiihr.ine>. lie frir in tlie ImrIv 
, ■ • • br,\os In-iug remu\«-<l 

■ ■ . ■ • • • imansof.i mii-eiil.ir 

In addition to the fact (Ii.it the iiMlcnare iinuli -iiialler ilian the fi iii.ili 
tbtre are friNpuHitly otlur extirnal tiMratfers whhh di-tiiigni-h the luo 
iniludmg tlie diajH-, the tli.irart«rof prtdxiMi-i and Unix -pliie^.and 
the prolHis< ^s-^trlK lure. 

With the exixptiou of the igg 'tagr the Aiantl»»iNph.ila are j>.ir.i-itu 
during their entin- life I’xi le. x'llh no fn-i*-H»iiig pha^-. ‘fhe egg-, whuli 
•‘n* pL-Mtl ill ihr fiNi-t «>f the xerti I.r.ilr hi»-t, are ii-uafU iMa ml«r>nu.jtol 
and I'oiupltte Uwir ituhrvoii.ilioii fnfoiv lliej arv inhuive for the 

(.tU) 




CLASSIFICATION OF .iCANTHOCFFllALA 


structures become recognizable as those of tlie adult w oriii Tin's is the last 
stage in the arthropod host. On ingestion of the infected arthnipod the 
appropriate vertebrate host acquires the infection, the w-rni dec chips tn 
maturity, mates and egg-laying is begun The more inipnrtiiiir dectloj)- 
merital stages are shown in Fig. 183. 

CLASSIFICATION OF THE ACANTHOCEPHALA 

Since the time of Claus (1890) .uid Perrier (189.3) the tc-,ii.tiK'(ep]i.iI.i 
luxe traditionally been grouped with the Xeinatoda and (M'rdi.ii i.i ni th. 
N'emathelminthes. ^fore and more tins allocation Im*. lierii rei d .i' 
an unnatund one and certain students of thc*se gron[)s, csfn r i.d/v \ in 
Cleave and Chitwood, have produced evidence dcnirmstratirji: tli.,r tin- 



■ 'pvrlopmtxitol »tw» I'f 


nm.t Iw iib.indonnl. Utoiu>c of tlic ,)rotora-|)liriili.il rain lor.' 
'.'Sli'iii Jiscovcml ill }[acracanlM/iirhi3 hirtiiliimi-m. 6ijiiiif"rty'i«i" 
»"i>r .1,1,1 ...i-icr,,! otiicr „f tin- .Vcaiilliini-pl,iil.i; litraii'i- id lli» l>»ra' 

iwn iiclij m.Hoiis iiiiitri.x .xml lack of ii lioil.v c.i, it.v; lici aiiM! of tlic pn-cma- 
"[ liiaiUcts on tlie ciiibrvo (acanlhor) liatcliiiiK fnan tlic I'W. ■'inl liixa i-i 
the inore or less flattened ai)iHr.»niiKc of the IhmI.v, it h.as hern ' • ' 
fill, .t . ‘ . 1 _ ..r *Ijc fUlworms imi'i 

rv logical than the 

*” ’ Nfnwtlie!iiimlhc->. 

t'Wdrnee h not siiflicieiitlv c^ntincliig to justify their alhx-ation 
‘ ‘•‘Ohclminthcs. Tlierc are two o*hrr i_K.>siWe courses of action. tU V’ 
rifXatetheAc.uu!u>wph.datothc 
rank iw tt (.1.LS3, ciithout dc*3ign.iti 
I '•* "lerrta). In c<»nfonnilv xxifh i tufse i r.-' i ' ■ 

I'h.' Inin rank. 
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THE ACAXTIIOCEPIIALA 


infected, in the Lmted btates, Phyllophaga fmida, Xyhrydes satyna, 
Siralegm jultamu Phyllophaga rugosa, P.fima and P. retemnuhatebecn 
found to be suitable intermediate hosts; in Argentina, DMaleniMem 
pturiii), Pha,ia!„3 spicdtdulm (Fabr.) and Grompha, hcordaird BniU 
have been successfully infected by Wolffhugel. On ingestion of tlese 
infected larval beetles the niammalian host becomes infected. 

Epidemiology and Clinical Data.-The norm is 
practically cosmopolitan in distribution. The pig, 
the niJd boar, the peecarj' and occasionally dogs 
and monke\*s are the natural definitive hosts, 
ifutnao cases ha^e been reportetJ by Leuckart 
(IS76), a single immature female found in the in- 
testine of a young boy of Prague in ISo”, and 
designated “Echinorhynchxts homxnis,’' by Lambl 
(1859, Echinorhynchiis from man), and by Linde- 
m.ann (1SC5), the latter authority stating that the 
infection is common among the inhabitants of the 
Volga Valley in Southern Russia, where Schneider 
lias found that Mclolvxiiha is eaten raw. However, 
these reports hav e not been confirmed and it is 
uncertain if human infection actually occurs. 

In porcine hosts the attachment of the pro- 
boscis to the intestinal wall causes a localized area 
of inflammation, with infiltration of large numUrs 



Fio. 1S5.— Plioiomicro- 
graph of paftially ccubo'o- 
nated egg of Macrccin- 
Ihorhynihut hirudtnauut 
X oOO (Onsinab) 


Genus Moniuforiiis Tr.vv.vj»»os, 1915 
(genus from moiiUe, chain, and forma, form) 
Moniliformis moniliformis (Bremser, ISll) Travassos, 1915. (The 
moniliform worm.) 

Sjnoajvas.— Echinorhynchiis monHiformis Bremser, J SI 1; 


canis Porta. I9H 
,.191 


Biological Data.-The moniliform worm rs umrisu ui 

‘ es (Fig. ISO}, inc : 


sii or creamy-white m 

"Tie body 
5 which 


color, and somewhat attenuated at both e.vtremities ( 
is superficially made up of a series J|,‘^'^f^ndri^I pro* 

resemble j ” ’ 

boscis (F4 
0.21 mm., 

to eight hooks per row, each hook being co«tmuo<^> » ' of i to 5 cm-. 
directed root-process. The males hav e a length visible to the 

and have a posterior campanulafe bursa copuwtr . fcin.dcs lu'e 

naked eye. Each of the two testes is about - mm- o g- 
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u nu'asiirenifnt of 10 to 27 cm. 'llic cciiiciit in tin* poate- 

rior extremity of tlie bwly and measutv about \.o mm. in leii^itli. 'I'lie epps 
(I'V* nre ellipsoidal, measure &> to I IS by -10 to .)2 fs ami an- pro\ ided 


iXIttr rfu«a.«(>-.. 



>»•' 1S7 •< «** « Mir. \ »» « lr,vr IV«- 

svi n,.u.s.)phi« I .... - '^.1 

J|<. KS -lea «'f mo'ttitformit •'•tilaituti« l»r»i.Hrrfi 

< Mict (.ra«..| an.i f’jjAit.liurrhi I ,, , . . . .^« 

IS'* .M.jij.r lar.a (j<niitli.ll»» MunJtf.’rm,* •■'r.tl) rnW. 

' Xllrr Tia Ill ltd .alt X ri r Ittiica. Il'TO * 

“illi llir.li..raiuri.lii Tli.- . iiii.r.... .in -Iml..! .n,.l ,.n- 

*nx«hil willi s[)im-s. ’J lii’ mtrniKslutc ni 1 ct t .-x •*o< 

‘i»kn*.ulus (/l/.i/x* iiiifrn.Ha/a, // ami Sil.’jAitu* ••rviJ’ ni hup'ix- 
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I cnphmcUi amerkana in S. AineWca} and possibly other insects. In these 
hosts tlie embryos develop into mature ovuidal larva enclos^ in a cystic 
capsule 189). Infection of the mammalian definiti^ e host results 
ijJSestion of the infected isirval host. 

In the related but distinct species ^lotiiliformis dnbins^ which parasitizes 
wild rats in Texas and utilises Periplancla amerkana as intermediate host, 
Moore (iOIG) has found that eggs ingested by this cockroach Iiatch in its 
iiiid-gut and that the released first-stage larva (acanthor) then slowly 
penetrates the gut wall, requiring 10 to 12 days to reach tlie heraocelic 
cavity of this l)ost. It slowly transforms into the early acanthella stage 
(tinrfy-eigiith to forty-fourth day) and then matures into the juvenile stage 
(seven to eiglit weeks after original entry into the cockroach). Once the 
murine host has ingested infecta} cockroaches containing the infecthe- 
stage juveniles, fi^'e to six weeks ensue before the worms become sexually 
mature and ovipo.sition begins. 

Epidemiology and Clinical Data.— The common hosts of the adult Monili’ 
formia moniliformis arc rodent species {Uaitus norregicus, P- rattus, Jl. 
alcxnndrinnsi Microtns arcfcofa, CrkcUis crkciiis, Crkcfomgs gambianns), tJie 
dog (syn. Echinorhijnchm grassk Kailllet, 1893, ami E- cams I’orta, 19Hj. 
tlic cat, etc. Human infections, apparently well outhenticated, Iw'e 
been reported from Italv (f case of natural infectioji, also 1 of e.vperm»ptal 

, nd British Honduras 

. • • • , Imve been described 

. ' - ; . ]3-}ineatus)aTii\iiom 


ncdficliogs (Erinaccus curonsevs)- ^ 

The experimental infection of Calandmccio (1888) demonstrated dw } 
that this species, when present in considerable numbers, produces 
symptoms in man. Nineteen days after Ingesting sevenii / 

druccio was attacked with severe gastrointestinal » .t'p 

accompanied by exhaustion, somnolent and a ® f 

cars. Tlie period of complete incubation in man (e- 
worm appeared in the feces) was about five weeks. Aclminib r- 
extract of male fern. {Aspidinm fiUx-mas) removed all of ® f 
three hours, but the symptoms did not disappear for two .> 
treatment. 
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THE XEMATODA, OR TRUE ROUXDWORMS 


CHAITEU XXII 

THE NEMATODES. STRUCTURE AND LIFE CYCLUS 

GENERAL CONSIDERATIONS 

Tiib Nematoda or arc rotiiulwonn:* ulii'ch arc 

usii.illy cjliiidnVal Imt arc more or ’ 
posterior etuE. They pov<-aa a eo 
.\earithocephahi the.\ hick a prol>o^ei^ 

the Neniatomorpha {rule infra) oa\ity i-> not h'nwl with iiK‘M)tlieliiim. 
Tliero are no ^oIL•^UK■\ te-* at the inner termination'* of the excretory ttihiilc'i. 
Thej’otuuU an* continuous with their dm t**. With verj- few except ions the 
sexc!) are separate The male !> liMin^uUKsI by bein;? Mualler than the 
female and by uauallx haxiiiK the [XMcrlor end of it& body rccurM'd xen- 
trad. lixcept in c.usea where* the w<»rm hiKests the blood of its. hi>st jus fcMul, 
It Is ustially a <'n*amy or ixor.s-jellow color. They move primarily by 
caterpill.tr uiKindHiown manipulations of tlieir Uxiles, but abo at times 
from side to side. The taajoritv of siKrie.H are at le.i.st j)artiail.v transpan-nt 
while still alive, but fix.ition tends to hu mtsc* their opaeity. 

A larjte number of ncmat«wlo sjHt'ivs are par.v.s»tic in bablis, but pnvijably 
an even l.ir>;er number are frixs-livinj:. Manx sjKries are o!>li^Mtory pan*- 
sites duritiK' a part of their life e.xHi* but li.ixc a fnaslixinj: plia-s.*. Forms 
like Stwngylnukif xlcrcnraUs are apjwfvntlx xvitlihi certain limits fatulta- 
tixily parasitie or fna*-li\in}:. 'I'he Iiost-|).ir;»site rx'latiotisliip of the panc- 
sitie iiem.itodes li.us the ^treatest latitude of any of the helmlntii ;:rtiuj)s. 
.Manx s[Heies an* ixinisitie in or on vefcetable lis^ufs. miliulnii* nxits. 
stems, leaxc's and exen M*e«ls. .\ wide xarieix «»f .sjMties an* enciopaRisilie 
in iiixc rtehrate tissues IJx far the I.ir>:est pn»jK>rtion of |).tr.u'itie mma- 
Icnles, liowexer, an* p.irasites of xcrtelini!«*s Of the ."Wl ^'inera c*f iiem.i- 
todes n-csi^m/isl bx Ikivlis and D.inbnex (I'.Uii) .{lil .in* nninlcsl as Ikih;: 
p.ir.isitle in xirtibrate hosts. 

STRUCTURE OF THE ADULT ROUNDWORM 

The .id lilt iiem.itoilex.iriesin si/efniinalilifoniiobjts l jiisi xisible to the 
n.iktsl eve {Trtrhinilla. SlniugijUniUt) to a l.ir..^', n«Mike worm ( 

]>hi/iriii) or an iloii;:.ile. win-hke worm, vsliidi in.ix .ilt.iin a hiiM'tli of I) 
imtirs ( /trxinoirniiu*) .\n vxtnme aU«r.it»o» fmm the primilixe sh.v}n' 
Is foiiinl in Htlfn‘!fra iiuin"iti {a lura'ile of x»,:ttal<le n*ots). 

.IS wi II as sjns ies of Tflrtinirrrs, theliMtim-ftm.ik'sof whii Ii iKssune swulh n 
like a It moil 'I'lie in.ijorilv of s|Hsirs.in’ pnibablv ntidi r I < m in h ii^tli 
'I'liev are priiiiitivilc bil.iti r.dlv s\ tiitiit trii.il but tiulr |ur.oiitt or m s'lle 

Lduls h.ise Jeitdisl low. mis the di si ioptiit lit of fatb.il s\nu,nirv 

(3»U 
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Ihe somatic layers of the nematode (h'ij;. 190, A, 1), C) conAiA n! . 
llropSX\-ved7n!m«^^^^^^^^ secretion, pr„b.,hh'; 

an cMskeletoii; (2) an epithelial layer' or 
ilermh, just beneath the entieula, readily 

modified ni older ones or in large species as to appear to" he a sviicith 

W which ™ “Ii* (3) ond the .kmomjmk 

layer, which constitutes the pnncipal somatic inubculaturc. 



Arising from the subcuticular layer and projecting out i j 

cavity arc the four longiUidinal '‘lines' (i. c., cords), Cobh 

and ventral median “lines” and the pair of lateral ''iincs (‘'fg; 

(1931) states that “these eonis arc a IkisIc feature of the neiiiic a . 
wellsprings of the cuticle.” The muscle bands, winch ' 

muscle cells with sarcoplastic processes, consist of oneia.\cro 
cells. These cells are divided into four longitudinal g^oVl’* *. . 
longitudinal “lines.” In its simplest form (/• c., m htilcro iwj . 
ionia) each of tin* hmr units consists typically in croaa-scc ^ ^ 


cells and is < 
(i, e., tliey a 



sTnucTVHt: ASD LiFi: rrcLHs 


m 

oil tlirc-c hides ne\t to the hixly cavity [rhitwiKxl, 1934, I937j). In c.ihe 
there are in each proup mmieroiiN <eIN, each with its protopfahinic element 
projeetiiip into the laxly e.i\it\ (i.e , Ascaris, Fip. 190 I}), the t\i>e is 
jxilymi/arial. 'I'liese forms are usually htflomyanal ur crluniyarial (i. c., the 
muscle fibers are not only next to the sul>cuticul.i hut "also exteiul \ arj inp 
distances up the side of the muscle wll and p.irtially enclose the s,ireoplasm” 
[Chitnoixl, 1931, 1937]). The muscle elements are non-striatcxl. By 
sjnehronous contraction, the niustde hands cause the worm to shorten, 
unilateral contraction results in hendinp the wonii to one side. There are 
no circular muscles antagonistie in action to the longitudinals; the el.istic 
property of the cuticle alone ser\ts to elongate the worm. In the Kematoda, 
tile group to which all of the true nnindwomis iH'long, the b(M!>> ca\ity is a 
picuducele, sometimes referred to as a srhizitccle, i. r , it lacks an epitlielial 
lining sueii as the Gordiacea (Phxium Xeinatoinorpha} pos.sess. 

Tile anterior end of the nematode Imh 1\ is imxliiiisl for ])urpo.ses of 
abrasion {fj-'suylingostomum), for attuchineiit to host tissue (Anryidsfuiiia, 
Cnalho&tiiiiio), or for six-eial seiisorj purjioses (-l.»crtrM), To these ends 
teeth, hooks, biting or s.i\Mng jilates, seijc an<l scnsor\ p.ipilla; have been 
developixl. Some siiecics, such .ts finathoiloma. Ime their cuticle covens! 
with spines, but the majoritv of species have a glahnnis integument 
Bossing is a prominent fe.itnre on the <«ticle of some of tlic fthrivid 
nematodes. Both the anterior and posterior iiortions of the dige.stl\e tract 
are covered with aeoiitimiatioii of the cuticle. The or.il cav ity or pliarjiix 
is frcxiuentl.v develojK'd into .i buccal or pharvngeal iMxket or capsule, 
which m.i.v serve as au acetahuhim The alimentar.v tube isnisists of thrtv 
eonsec-utive regions, an e.sopIiagus. a ini<l*gut. and a rectinn. The esoph- 
agus. embr.vologieally the stounxleum. is a ver.v muscular org.in, sive m 
tile Trichioelloldea, where it eoii'ists of a narrow- tube. mon> or lev. csim- 
pletel.v surrouiidcsi 

This anterior regio * • 

It* internal eavit.v , *. * ■ ** • . • 

dors.ll .iiid two sulivcntral evipliageal glands, eaili with a single nucleus, 
ojx-n into this organ Tlie.v h.ive Ik-cii found to have a l.vtie function The 
esophagus le.ids |)osteriorlv into the mid-gut. vv bit li ctui'istsof .i single I.iver 
of eolumiur cells (I'ig l‘.K> B). lm«! «'tb iioii-vibnitile cilia, and I.ukiiig a 
(utieiilar covering. Jstnuig valves, e.ijiable of tsuiipletelv closing the 
lumen, are sitiiatisl at the jimttitHi t»f the c'sophagus witli the miil-gut. 
The rectum, cmbrvologii.illv the pnietodeiiin. is short and is lintsi witli 
tutltle. .\ntenorl.v it is pno itltsl with a 'phm« ter imiM le PuMeriorlv it 

. . , • ' I’ • 'Iv aiithnrtsl to the s4iniatic 

• ' . of twi* Iniigitudinal tubules 

imlHsidisl ill tile Mibsl.nue of the lali-nil "lints" (Fig I'.X) It), and primi- 
tiv elv o|K iiinglogetlier uilti the t ltx.it a 'Hie-s* tubules eiul blindlv jH»>tcri.ul 
ami iniiie aiitiriad along the inid-veiilral hue iIom- 1m hind the mouth, 
where ihev oiK-n tlimugli a single i>.»re. In the iiuxre higlilv intaliflcsl foniis 
one or Ixoth loiigitiidinal lubult-s m.-i> Ixe koking. with oiJv a I.iUnI or a 
imslungkindtsll npnxnling the svst.iii 'nireviduli.m of the extrxlors 
'V'tcni is ilhi'trattsl in Fig 191. 
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^ Cjiudal gJiijHjs, ijorma% throe in im/nhcr and usual/y situated in tandem 
ni the anterior part of the tail, icrve to cement the caudal extremity to 
objects. I hey empty through u mimite spinneret at the tip of the tail, 
ihese glands are coinnion in free-living and non-bursate parasitic species, 
but jire eitlier lacking or highly modified in bursate parasitic forms. 

Ihc nervous system (hig. 1!)2) consists primarily of commissures and 
longitudinal nerve trunks. Tlie central organ in the system is the circum- 
esophageal ring which completely surrounds fJie esophagus just in front of 
the e.xcretory pore. From it there arise six short anterior trunks, innervat- 
ing the head. Die important posterior ventral and dorsal trunks run 



Fia. lOJ.—D/jgraaimaltc rvprc-^ntalion of ic\cral types of nematode ex 
.1, rhflbditoid. If, strongyloid ((Etop/ioaotiomum) , C, t>Ienehoid. ,037) 

P, ceplmloboid. O', amaakid. If. chroinadonmd (.Vfter Chitwood and Chitwood. 


respectively in the ventral and dorsjtl niedian hues of the su ‘ 
matrix. The four lateral trunks have a double origin. The mo j 
pair arises from the circumcsophageal nerve ring, while t e m 
p.i]rnri. ' ’ ' * a. of the e.xcretory pore. 

tlorsal £ 

level of tile anal ganglion. They then 

forked elements of the ventral, then of the dorsal trnn ’ ' • „ arises 

near the c.andal extremity. An important ““X.ai comniis- 

from the anal g.anglion m the male worm. jhe course of 

sures from the Ventral to the dorsal ' ‘ - i.o 

these tracts. In parasitic nematodes 

the labial, cervical and (in the male) w o— 
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supplied 1)}' delicate nerve termini which pierce the cuticle, the litter by a 
swollen eiul*<)rgan Ijing under the cuticle. The cer\ie.d ii.ipill.e an* 
tecliiiically referred to as deiruh. The\ consist of a pair of later.il seiisori 
organs, situated near the nerve ring. 

Among the integumentary structun's rcganicil by most Hematologists as 
sensory or receptor organs arc the auiphith. Tliev consist of two minute, 
laterally placecl bodies, on the c“t*phahc eiu! of the worm, and e.\ternall.\ 


may be pore-like, circular, spiral, helical or elon- 
gate in form. They occur commonij in frce-li' ing 
species and are probably als<i ]>rcsciit in all or most 
of the parasitic species. At the c.audul end of 
some nematodes are the phasmuh, which helmin- 
thologists have called ‘caudal papilla*’ when 
referring to females and larval nematode-*, and are 
also jiresent on the male and cimfused with the 
genital pajiilla*. Like the ainphids. the\ differ from 
tactile papillx* in having a canal and in usually 
being associated with a gland The pha^lnids 
consist of a pair of lateral jM>st-anal iMirt***. at 
times elevated, connectcxl internallj with a pair 
of tubules, each leading to a sc*nsor> i>oiuli irri- 
gated by a pair of glands They do not iKcur in 
species having caudal glands. Sikk ics w itli plia->- 
mids ha\e pore-like amphids. si>eei(*s lukmg 
pliasmids have externally iiukIiIksI amphids 
Topically ncniatiHles are ihecious. i r. mal<*s 
and females are scfiarate individuals. In a few 
cases the male or the primary male sex org.in U 
p.irasitic in the hod.v of the female (svngonv) 
Harely parthenogenesis or sviigom*sis ih behevisl 
tnocvur ill iMRisitio neinatixles. while IiermapimH 
dilisin Is not ran* in fni*-liv mg s|x>eu*s .\s a rule 
the male is eoiisider.ibl.v sinaller th.iii tlie female 
III the malt* the rejmaluctive organs euiisist 
tv pieall.v of ji single tube ililfereiitiatcsl iiiti» 

(/). rm ilrfcrcns (rv/), rr^imla fciiiimilis (sr). and 
rjiiculalory tliiri (fjd). In the sinipli*st foriiiH this 
lube constitutes a straight line, m most sjH-cies. 
Imweier, it is i-oilisl and eoiivohit«sl ku k and 
fortli munv times within the bo«l\ ia\il>. 'Hie 
male ri*i)n)diuti\e svsteiii o|K*ns ixisleriorlv near 
the amis into the c1o.iim (Fig. ItH) 'Hie ejai ul.i- 
torv duet is liiusl with ivmeiit or pnM/«i/r gtamh 
(rg) The atsv-s-sorv isipul.itor.v app.initiis i' U'U.d- 
l.v iiiglily develojHsl. This consists of one nr a 
p.iir of rtijiiilaliirij bristles or J/aei/fr# W*). ri gnl.it»sl 
by a (juh), w lille ibe « hui a thnaigb 

which Icolh mt«*stui.d (r) .itid riponlui the (•■//» 
'>stiin«diMh.crge mav Ih* guanbtl bj .» gf»Anl 
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cone. In bome groups there is a bursa copulatrix enveloping the posterior 
e 2 »l of the rnnie and serving as an organ of attacJinient to the body of the 
feiniile during copulation. The spermatozoa are usually ameboid rather 
than flagellar in chanieler, although Chitwood (1931) lias found flagel- 
late spermatozoa in the freshwater species, Trilohus longus. They become 
fully ripened only after they have been transferred to the uteri of the fe- 
male. 

The vulva or external genital opening of the female is thick-lipped and is 
usually ventral in position, varying m axial position from near the herd to 
near the anus, hut as a rule more commonly found in the anterior half of 
the body or near the equatorial plane. In a few cases there is only a single 



I 1 tliP Treat majority of 


vulva. In Ancylosiovia and many otner spt.Lit.3. recepfacuW‘ 

regions are recognized (Fig. 194): orary (or). ^ oil mired, the t"'® 

fpmitilS (r.-i). uterus (ut), ovejector (pvj) y,, species such as 


bli 

ric 

is b«-v»... 
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i-oiliiiK aiuJ tu iitiiif' of tlie tubules back and fort!i through the IkhIv t a\ it\ 
Such c.\cfssi\ei)ro<liiction of tin* gciicrati\t* system rna\ c.nisr flic rtitc>tinal 
friu-t to be disphut-d, or, hi cveptionaf ca**cs, may firing about .iii iiiiiMjal 
tlilekeniiig of the body. 

The eggs. whicJi are deriM*<I from .i iiiiilttiiuclcati-d iiia.ss of j)rotopla»iii 
at the inner eml of the o\ary and charaeteristically eontaining \oIk matt'- 
rial, pass dow n the lumen of the o\ arian tubule, thence tlirougli tlie o\ idiu-t . 
and are fertilized cn route througli the nx-cptatuluni seininjs on the ^\a^ to 
the uterus. Here tliey are stort'tl for a longer or shorter period, depending 
on tlie Species. Wlien the utems becomes gnivid, the eggs are sfpiec/c<l 
out tliroiigh the o\ejtTtor into the \ul\a and arc I.iid. 'i’he egg is the nio^t 
ri'sistaiit stage of nematodes. It is proxided xvith two. and at times three 
or more lajicrs. The innermost lax or, <smii)os«l of a lipoid (probablx stend, 
aeconling to (’hitxxood, 19^58) .imf the shell pro|KT or ehorionlc Ia.x<^. con- 
sisting of chitin. are app.irentl.x secretcsl h,x the egg itself upon stiniul.ilion 
hy the entering spcrmat<»zoon The innermost laxer. realJ.x the ntr/liur 
iuemlrauc, is likely tlie one which pnUwts tlieembrxo .it usual temperatures 
hut heeomes permcahic at higher femi>er.itim*s 'l*hc sJieJl proper is the 
skeletal or .supportix’e structure In then* is an outermost “,dhu- 

minous" la.x er. w hich is apparentl.x I.iid on .is .i Mrietion from the uterine 
'\all. It is not essential for normal dcxelopincnt .uid is I.uKnig in the 
majority of neinatiKle speeiVs. 'I'he dailx output of eggs x.irii-s xxirlcjy in 
(lifrerent speeies. from a few dozen (as in Stroiigi/loiilrs ah rri,nilie) tolHXl.tlOO 
or more (as in .Ucvina lumhnn/ulee) Moreoxer. tiic number of eggs 
pnxluied b.x worms of a particular 'jH*<-ies x.ines will) tbc I'nxiroiimeiital 
conditions in the host 

The state of dexelopmeiit .it (he time of oxi}M>siiion '.irn-' in dilfcrx-nt 
gniiijis of nem.itoiles but is usinill.' rebittsl lo the length ul time t}n‘ eggs an* 
stored tn uteru. In .tscari.i the egg ri*eoxercd m tJii* fe<es of the host is 
Ustmlly unsegmcnt(.sl. In Tnehorcphitlua the first <'hMX-age frxsiuentl.x takes 
pl.iee .shortly after ox l|M»sif ion The lHH»kworm egg ns ox msl in norm.dl.x 
foriiKsl feces is nsu.dl.x 1- toMs-lhsl. AU of ifieM* sjHsses are nhrnd to as 
ovip.irous. Certain other sjioeies, suifi as the parasitic generation of 
Slroiigi/liiiifra xfcrcoriilie, iiia.x fi.ix ceiiihr.xon.if< d eggs, w ith hrst-st.ige bin .e 
almost re.idx- to hatch when the eggs an* laid fhex an* s.iul to be orc»nri- 
firuui. In still otJiiT spt-eu-s. M«h us Tnrhinflla T/«m/M ami Dniniiiruliuf 
the I.irxa* h.ixe Initclusl jm'xious to their eM.ipe fniiii llic‘ 
niollicr Worm. .Such iielii.itcHlea .m* s|>oken of .ls nn;*in/H.» In ii-rtam 
lil.irioid m-m.itodcs the egg-shell eh»iigat**s im ufrro to .» « omimuhitr the 
•lextlopiiig cmbrxo. mi that hx the time the egg is I.dd it has b.ts.me 
sin-lihisl into the >li.ip«' of an eiixclopiiig sluMth Ilalihing. in tin* strut 

suise, doc*s not «Ktur until this eiiihrxoine "shiMth^ is slusi In T/iriuzm 
cij//ip.7i/<i, the egg-slu 11, aftiT ov ([xoitioii. *ii.dh**Mis etii oiu- M<h* .ind m n o 
"is .1 for the em IomsI l.irx.i. 

THE LIFE CYCLES OF THE PARASITIC NEMATODES 

‘ITit* lifi* r.X(h~i of {i.ir.tsitte nciiutiMlcs iiiijiuh*. «a> the our luml. t>j*-s 
With .1 xiry simple dexelopiiunl. .uuK "ii the other. th*»M- with .» \«f> 



348 


THE NEMATODEii 


is about a:, Miiipic ;is poshiDie, considering their complexity. Yet cm'h in 
tlie simplest life cycle wie or more moults occur. Probably the siinplcit 
t^pe in a liuinan parasite i.s that of Entcrobius rermmilam, the rliabditoiij 
larva of xvhich has practically completed its development ^^ithill the egg 
at the time of oviposition, so tliat the accidental ingestion of this mature 
egg on the part of tlie human host provides all the conditions necessary for 
the liateliiiig^ and development of the lar\ a to an adult worm in the human 
intestine. Pggs of ^Iscarin and Tricboccphalus require some time on the 
soil before the larva is sulfieiently mature for hatching to tnhe plare in the 
human intestinal tract. In Ascaris lumhricoides the first moult takes place 
within the egg shell. Although hookworm and T richostrongylits eggs occa- 
sionalij' hatch inside tiie intestine of the host, in both cases the emerging 
rhalamoid larva must be voided in the stool and undergo a period of 
growtli on the soil, follower! by metainorpliosis into the infecti\ e-stage 
filariform larva, before tlie worm may again utilize the body of the host. 
Sirongyloulcs sfercoraHs, which has not completely lost its free-living mode 
of life, frequently interpolates one or more complete free-living generations 
with its parasitic one, altliough it has also developed an adaptation for 
complete parasitic existence, whereby its rliabditoid larvae, while still 
within tlie bowel, inetuinorpliose into filariform larv®, which are capable 
of penetrating tlic intestinal mucosa, and reach tlie lungs by an mternal 
route of inlgratioii (hyiterhifcclwn). I'urthcrmore, the spiruroid anti 
filurioid nematodes re([uircan arthropod intermediate haU Gnaihosio^a 
spinigerum necessivrily utilizes a siK^cies of Cyclops as first intermediate 
liosts; li'itehcreria bancrofU utilizes inostiultoes, Loa loa^ and Onrno^rca 
voh'uhts require species of ChrysojiS un<l Shmdium respectively. The first- 
stage larv ss of Drantnetdus mcdineiisis arc discharged froin the body of the 
mother worm directly into fresh water, where they are ingested oj ue 
intermediate lio&t, Cyclops. In the case of blood-sucking fly hosts, le 
freely moving microfilaria* arc removed from the peripheral cuculation ■> 
from peripheral lesions liy pniicturing the skin; in the case of non- i > 
arthropods the larvie are ingested by the intermediate host after 
passive escape from lesions in the definitive host. ithin the , 

host a metamorjihosis of the larva takes place, usually 
process of moulting, whereupon the mature larva may. in the ease o 
sucking insects, be transfem*d actively to the definitive hos 
cases It may become quiescent, or even become eiicapsu a e ■ 
passive transfer through the accidental ingestion of the rhnhJjtoid 

definitive host. Tims, larval development may include on - ‘ 
larva, with tw o or more instars; or it may also include a ar al 

an adaptation for penetration of the skin; or it may compre i 
microfilaria, as well as successive larval tJIM. , »illiin 

The routes of mignation of some of the parasitic : e Gongylo’ii^’'^^ 

the definitive host are likewise complicated and r^Pe^jitcrior 

larv®, upon being swallowed, directly invade the cpi jufectivc-i-ti'S^ 

portion of the digestive tract and develop to ina ^ , * bccon’'^ 

Lvre of Jlsemonchu., wf.eu swallowed by the appropriate 
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iitt.icljcd to tJie \>all of the stomach and procTcd witli tlieir «le\eIopiiifj)t 
Mature hoobvorni laryte, as well aj, filanfonii iarvie of Stri>iig!/loi(!c.t, 
usually 111% ade the definitive liost ria the skin, and rffjuire jiasvi^e throu/;!» 
the venous circulation to the hniK'.. thence out into the air imssikc-n and 
over tlie ejiislottis into the diKcative tract, |>.tssin}; on into (he small intes- 
tine where tliey eonijilcte their jjnmth. If. however, mature hookworm 
larvie are directly introduced into the intestine, they may i).is.s tliroiiph the 
stoniacli without injury and, on arrival in the iiosterior level of the jejunum 
or anterior level of the ileum, attach themselves to the iiiuios.! and Kr«»w to 
adulthood. OCiniiliaf/fisttmiuin larva*, when swallowed, pass throuRh the 
stomach and small intestine into the colon, when* thev Inirmw into the 
mufONi, set up an infiainniatory priness, and litroine eneapsulatid, oidv to 
emerfje later and hecome attacheil l»v their heads to the wall of the larjie 
intestine. I he infeetive-staKe c'j'jjs of lumbricoulfs hatch norniallv * 

only after p-ivsinj,' through the stomach into the mii.iII intestine, whence tlie 
free rliahditoid l.irvw iicnetrate through the intestinal wall into the jxirtal 
circulation or the l.\ mphatics. and. on arrival m the pnimon.ir.v e.iin'JIaries, 
break through into the air passages, .nid n*.ieh the intestine again nii the 
epiglottis. Larvjc of Spiraccrra lupi, a cointnon panisite of the dog m the 
Orient, frcciucntly encountered in the Mediternuiean ansi .ind occ.ision.dlv 
hi the (luif Coast area of the .■Southern rniteil States, niili/e the s(t)ma» li 
Wall tlmiugh which to g.iin entrv into the hlooil stn'am In the e.ise of 
Trichinclln spirnlh, the \ iv iparous female, after copul.itioii. hon s into the 
ititfstinal glands and dlseh.irges her hrood of hirvje. which pass through tin 
tiiesenterie kvinjihaties or veins into the right lie.irt and lungs, theme info 
the arterial eireulafion, final! v coming to IiMlge in the imisdes. where flie.v 
C’lie.vst. Here they reiii.dn until the infected flesh is ingested I»\ aiioflier 
host, whereupon the larva* e\e>st and develop into adult worms 
The [losition of the primitive adult nematode parasite in its definitive 
host Was nndoiihtedlv in the iutcstiii.il tnict. SjKfies in whidi the adult 
woriiis an* now ad.ipted to other org.ms or tissues, mav have come ujmii 
their present site of re-sideiice through loclgmeiit of the I.irva* passing 
m niutr through siieli elianiiels or l»v acficlciital liiignition out of customarv 
diaiiiicls. Thus, IJ’j/r/a-rrrni htturrujit in tlielviiiphatiis, Din'/ilunii imuolia 
in the riglil heart of the dog: (}iirh>crrni in siilK'iitaiieous jMickils .md 
i^rnrunculttf imilhunitif in suhe iitaiieous tissues; Epirocrmi in the w.iH of 
the aorta of the dog; Diortophpmti rniulr in the kidiiev or .didoimiial 
vav ify ; .md Tnr/uifnvninlfr fr<M«crtMc/o in the hkidder of the nit. .dl lliesc* 
*|Krles now liv e in fiK-i w hie ii an* evideiillv 'a-eoiidarv to an original [j.iliitat 
ni the intestine, a position that has long since been n Imcjui'hcsl in f.ivor ctf 
tile sex-undarv site. In SpiriTrmi, moreover, even the s«snnd.irv sjie Ii.is 
l*cen ali.indoned as a h.ihit.it for the devclopinenl of the m.iinre worm, 
a ivturn has Iks n in.ide to the wall of the digestive tnut, loprt.vide fur an 
outlc I of the eggs to the outside world Kinallv . sjkk les in rt mote tis'Ui-s. 

''Ui li .ts the Kmphatii’s. Iiav iiig an outlc t for larv.e to n.u li tlie h|iH«l, liavi 
I'foviilisl nio't etfec tivciv for tr.nisfcrof their larva* to new lio'ts ihrougli 
the intc riiiisli.irv of IiIcmhI-'Ui king iiiscxK 

I'rvv-liv Ing s|Hsi(s of III nialoiies are iiiidouhitsllv the iiiti't jinimlive 
hut .It tli,i v,m„. (mil. <s>n>iilc nililv iiKalihcsJ fnnn tlie anhil.'i"' 



350 


THE NEMATODES 


Steiner (1920) has made out a logical ease for the coininon ancestry of the 
neiniitodes and the rotifers. Both groups luck a true lining to the body 
cavity; they have homologous digestive systems (the gizzard or mastaxof 
rotifers being comparable to the esophageal valvular apparatus of nema- 
todes); the male sex organs in both groups have the same fundamental 
arrangement ; the caudal glands arc comparable to the cement glands of the 
rotifers; the triradiate symmetry of nematodes is secondary to a more 
I)rimitive bilateral one; the cer\'ieal and head papillae of nematodes ha\e 
liomologues res^iectively in the lateral sense buds and retrocerebral organ 
of rotifers, ainl the excretory system of present-day nematodes, although 
lacking “flame cells’’ or solenocytcs, is probably derived from a bilateral 
system, opening into a clo;ica, as in tlie rotifers. The locomotion of nema- 
todes appears to have been secondarily ac(iuircd. The Iiabits and habitats 
’of the two groups are fumlameiitally alike. 
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THE NEMATODES. CLASSIFICATION 

THE BASIS OP CLASSIFICATION 

As the number of know n species of neuiatodes has increased by leaps and 
bounds within the past sc\ end dc-cades, the older s\stcm of cbissificatioii. 
whereby family groups were loosely united under the general Class Nema- 
toda Kudolphi, 1808, has become untenable, just as the classification of the 
Nemato<la, Ncinatomorpha and Acanthoccphala as major subdivisions of 
the Phjluin Nemathclminthes is no longer justifictl. JIorco\cr, increase*! 
information reganling the structure of the many sjiecies in\ oIve<l, and more 
especially concerning tlie life cycles and the larval stages of these worms, 
has resulted in a gnulual grouping of the families hit*» stiperfannhcs, and 
these, ill turn, into subonlcrs an<l orders. The svstem which the author 
had adopted is in keeping with this teniicncy. K*»r the iimst part tin* 
superfamily groupings arc those of Hailliet. For the more compn-lunsive 
gnnipiiigs Cram’s and Chitwood and Chitwood’s classifications have het'n 
ibwl. The outline of the system is as follows: 

OUTLINE OF CLASSIFICATION OF THE NBMATODA 

PHYLUM NEMATODA (RUDOLPHI. 1803) DIESINO, 1861. 

EMEND. PEARSE, 1936. 

Fiisegmented iiucrtclirate animals, with a fumlamental liilaleral s.\m* 
UK'try, and a secondary tri-rad iate sj minetry of the ond end anti cMijiliagus; 
with three IkkI.v la>eni: clong.itcd, cjHndrical t>r filihirm. witli a di finite 


Class 1. Apbasniidia Chitwood and Chitwood, 1933 


tilogtinie or Iioiogtinic; tainlal glamls t\i)ically |•n*>e«t 

ORDER L CHROMADOBIDA CHITWOOD, 1933 


•o.'.jri.in. -Male with 
'•‘gni.i transxiTM*, 'inipl* 


-jmiile'. 1 t»r - liMc>; f«ii».'ih* with 1 or *»'an« •*. 
Frti‘-li>ing'iKs'io living in moi't •-■il ‘>r ^ 

(ail ) 
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ORDER n. ENOPUDA CHITWOOD, 1933 

Axondiia Cobb, 1919; Uolbinia Cobb, 
1919; Inploncbiji Cobb. 1919; Alaimia Micoletzky, 1922.) 

Ora) opcjiiji^f oyJiutJriciil, MibffJobuJar, rcducrcti or nidi’nienfary; stjlet 
prcbciit or ubisont; cbopliagus cylindrical, conoidal or having a narrow 
anterior part^iuid a wuic posterior part, both parts being extremely long 
and narrow (i richinelloidea, ^rerinitliohlea); rarely terminated by a dis* 
tinct swelling. I’olyinyariaii or nircly ineroinyarian. ^lalc with 1, 2 or no 
spicules, 1 or 2 testes; female with I or 2 ovaries; vagina usually trans\er^, 
simple, at times elongated, muscular. 


Suborder I. Enoplina (Filipjev, 1929) Pearse, 1936 

Torms with cephalic papilhe consisting of an iiiternal circle of papili® or 
short seta' and an external circle of (i or 10 setie, at times in rings of 0 and 4; 
with amphids pocket«like or elongated; somatic seta; rudimentary, never 
long, narrow, cyliiulroidal; witli or without teeth; with esophagus cjlindri- 
caJ or cxmoidal; with infestiiie well <leveIoped; with caudal glands usually 
present; sexes telogonie, witli I or 2 gonads; male possessing 2 spicules and 
usually a gubernaeulnm; having genital papillm or seta* at times in sub- 
ventral rows, at times Indistinguisliahlc from somatic papili® or set®, 
female with short transverse vagina, usually oviparous. I'ree-liNing species 
living in moist soil or water. 


Suborder n. Doryleimina (Chitwood, 1933) Pearse 1936 

(Syns.. Trieiuirata Skrjahin, I9l(i; Triehineilida Sprehn, 1927, Trich^ 
cciiiialata Skrjuhin and Schultz, 1928; TricliincIIata h'aust, 1929; l)or)lai- 
mata ('liitwood; 1983.) _ n Am 

h'orins with cephalic papilhe consisting of an inner circle of u or 0 an 

e.\ternal ci ' ^ nnmbids frequently opening 

tiirougli a 
with inoutl. 

with esophagus having a long, narrow, anterior part ana a nanu.. -- - 
posterior part; with intestine cither well-developed ' oiU® 

caudal glands lacking, sexes telogonie or hologoiiic, with ® ^ i.qj,* 

of male often arranged in 2 piore siihventral rows; female na\ g* 

transverse vagina or a Ion , elloidea 

recognized superfamilies, • i ,, ' . ifntnes 

Hall, 1910 and Mermithoidea Wulkcr, 1934. Human rep ««.. 
belong to the latter two subfamilies. 


SUI'ERFAMILY TniCIII.VELI.OIDEA IfALL, 1916 

(Syn., Trichuroidca Raillift, 1916} 

Anterior part of body filiform; esophagus more " glands 

posterior part, more or less entirely surrounded ■ sexes 

arranged in columnar fashion; intestine ce I . , P, - TVo 

hologonio; male spicule single or absent; female l\i S 
recognized families. 



CLASSIFWATIOX 


Family TIUCinXELLlM Ward, iW7 

Copuhitory ihcuth and i>piculc not present in wale; females Nniparous; 
adults in intestinal wall and larxse in musclcj. of mammals. Human repre- 
sentative; Triclnnclla spiralh (Onen, ISSo), 

Family TRICnOCEPUAlID.F Baird, 1S33 

Male with copulatory sheath and usually one spicule; female o\ ip.injiis; 
Cftgs barrel-shaped, with clear polar "pluffs;” adults panisitic in iniestiiie, 
liver or urinary bladder of mammals and birds. Human repre'cntativcs: 
Trichoccphalus trichiuTm (Linn., 1771); CapHlaria hepatica (Bancroft, 
1S93). 

SUPERF.UIILY ^lERMITilOIDE-l WuLKKIt, I9'14 

F.sophagus more or less degenersite, at least p<JSteriorIy , esophageal glands 
numerous; intestine usually syncytml; pol.vniyarian; sexes telogonic; male 
with one or tvvo spicules. Uceognizwl families; Mennithida: and Tetra- 
doneinatid». lairvre of the former family (agaiiiumermids) nirely and only 
accidentally present in human intestine as a eontaminat loii of b>rMl «)r w ater 

Suborder m. Oioctophymatina (Skrjabm, 1923) Pearse, 1936 
(S>us., Dloctophymida Sprelm, 1927; Dioctophyme.vta l’etrt>v, 1930) 

J.V M 1 o ••• ■ • . r * 

meniary nioutli and well-develoiHHl cylhidricjil e’'Oj)hagus ami intestine, 
with laliial pore-like ampliMs; c.\crctory .system l.ieking, without (.md.d 
glands; sexes lioJogonic, with I gonad; mule with 1 spicule ami witliont a 
gubenmculuiij; having tail in form of a muscular sucker; with geuit.il 
p-ipilliu indistinguishable from somatic iwpilhe; female with long, imiscul.ir 
vagina; oviparous. Only one sujterfamily. 

SUPEIIKVIIILV DlOCTOWIVMVTOinKA It MLI.UT, IJUd 

Metlium to large-size<I nematmles; males with a bell-shaiKil musciil.ir 
htirs. 1 , uiisu])(wrte«| hy rays, with .a single coiuil.itory .sjuVuIe. eggi with 
th'ukt'iunl, pitted .shells, lighter at the judes, in lumen of kitluev and 
•ilxloiuiii.t] eav ity ut ni.itmiials, or inttMin.iI traet of hinls 

Tyitf Family DWCTOPHYM ATIUX Badlid. Unr, 

)\ith the eii.inicteristies i>f the suiKTfaiiiily. Ilum.m rej)n •s'Ut.itive. 
lYaKlnphyma rniale ((hfeze, 17b2). 

Class IL Phasmidia Chitwood aad Chitwood, 1033 
N’iiu.itodes witli pli.i.smlds (». r., caudal cheim)-rvvs ptors) usu.iil.\ will- 
diVtlojHtl; ttjth •uiiphwK Ustully iwtts-hke aiul I.ihi.d in {) 0 'iti'm. not 
Msriidizt.,) Jn sinicture; deirids llsiwlly |»n*scnt; exin lory sv sf« ui U'U.dl.v 

having aj tJug dmt; hv|>o«lermis |>.K«<-sNliig .i ihifs-il. 

'<ntral and two l.itend conN; gomuls ttlogoiiic; c.aiid.d glamis Ia«knig 



TUB BBMATODBS. 


.'iol 


ORDER I. RHABDITIDA CHITWOOD, 1933 

Oral oimimg usually burroundcd l.y 3 or 0 lips; esophagus cousistinB ot 
corpus, isthmus iind hull, (or pseudo-bulb); exmtory sjstciu nidi one or 
more lateral collecting duets ■and often 2 slibeentrol excretory glands: males 
one or two -^piculf.s. 


Suborder I. Rhabditina (Chitwood, 1933) Pearse, 1936 

(S.viis.,_Anguillul:itn .Skrjidiiii, 192;): .tiigiiillullilii Ocrley, 1880; liliah- 
diasata Cram, l»27;_Hj-piipliitlli (Afolln, 1858) Sprelin, l'9.'J2, pro jmie; 
At,nin(iii Sprelin, 11)27, jmrle.) 

i’orms witli cephalic papillie consUting of an inner eireJe of G .»»] .in 
external circle of 10, 0 or4 papill:e;nmphi<li« usually dorsolateral inpobition; 
excretory syistem usually H-bhape<l, rarely p'^haped; female witli short, 
narrow* vaj’ina. 


Sri’KiimULY llllVIllHTOlhKA TltAVA.SsO.s, 1021) 

Stylet lackin}'. ‘ • ' ' habditicliu, 

DiploRasteridte, S • . ! * . • Ceph.ilo- 

l)idnj, Angiostomatida*. Cylindrog;isteri<lie, and possibly other, undesig- 
nated, family asseinljlagea. 

Species of medical imi>ortance heloiig to the families lUiabditidfe and 
Strongyloidida*. 


Fainili/ ItllAimirnKKMu'okthj, m2 
(S.\ nonyin, Hlmbdiasida* Hailllet, lOlo, pro ixirie) 

Forms with a \\ell-<le\eIo|H*d, tlinr-Mdeil, })rismatic or tubular but-eal 
cavity, usually svithout teeth, cst^plugus usually with a long e>hiu!nc.i 
jjortion, a median ljulhar swelling, a narrower cylindrical portion, ami 
posterior hulb containing valves (type of esojdiiigus referred to as na 
ditis-like” or "rhahditiform”); prohahly include only coprophagou^ species. 
Human representatives: RhalMiith jxlho (Schneider, 

(Idianehard, 1885); It. Kohaya.'shi, 1014; Turbainx aceti (- > 

1783). 

Famili/ S THONG YWIDID.F foaf Mclufosh, 1934 

Forms with an oral opening aurroundal hy 2 Iiitenii lips, 
siibmediau papillie and an aiiiphid. FrecAmuff genera ion ' * . teitis, 
stoma and esophagus with valvulated bulb; males ^ ^ 

3 ivrcimte, cquul spicules und 

females with 2 divergent uteri and reflc.xed ovaries, i ./ Ug either 
greatly reduced stoma and long nairovv r-irelv found, 

similar to free*living males or, if tissue parasites, > 

Human representative: StrongyJoides stercoTolis (1 avaj, 

SurKiiF.uiiLY Tyi-enciioide-v, Ciiitwooo .vnu Ciutwoo 


1937 


(Syn., AnguilluUnoidea Peieir. 


1931-1932) 


Forms differing from tiie Ithabditoidca primarily in the p 



CLAS.SIFICATIOS Xm 

oral htylct; panu'^itic in No^Cftahlc tissues. All species wlntli ha\e heeii 
reported from man (i. e., “sjmrioiis” iwrsisitcs) iK-loni; to tlie 

Tyiic Famili/ TYLEXCIIIIKE Mtcolrld:y, 1022 
(Syn. Anguillnliiiidai B.nylU and Datibney. 192(i) 

Sniiill, free-liNing, semipar.isitic or jianisitic sjHxies, Iia\ing n pli.irynv 
in the adult ino«iified into a protnisilu s]HMr; eso})hiigus simple or nitli a 
miHlian and a po>.terior hulh-like .swellhiR. The ajhilts, Iar\je or eggs of 
those forms panisitie in \ egetahle tissm*^ or .s.ipit,zi>ic in di-caji itig vegeta- 
tion h.i\e at times Ik-ch n'i>orte«l as parasit<‘s of the human intestinal 
tniet, hut such a condition is purely .uvideiital. The following identi- 
fied siH-eic-s haNe heeu rejHirted fnmi tnaii: TylaichiiJi pnlnfacifiis Knehti, 
1S7!); lltkrutltm vittriuni (('oriiu, 1S79) (IcMKiey, 

Suborder IL StrooTTliai (Riilliet and Henry. 1913) Pearse, 1936 

(S.\ns„ Selerosioniata lliitlolphi, ISO*); HiirNita Vera loriper, 1!M I ; 

Strong>lida S])i\‘hn, 1027, Strongs lata Itailiiet and Henry, lOI.t) 

I'orms ha\ ing oral o]K‘nitig surrounded hy .t. (> or no lips, usu.dly indis- 
tinct; ^vith an inner circlet of 1 to 10 papilhe; tcith excretory sc .stem com- 
jjosc'cl nf latend collec-ting ducts and suhxentnd exc n-tory evils, IJurNite 
nemat<Mlcs. the tneinhrinu'ous hur^i Mip|>ortcsl hy a sc stem of si\-i>.un‘ii 
and otJc or l\co dorsd rays; males xcillj tcco «pieuie.s and fc'tnales U'*imlly 
ccitli t^^o ovaries, ami cither a inusctilar vagina and/or •> highly de\ elopes! 
ocejector. Muscniatua' polymyariau or meroinyarian. 

St ft.UK.cMil.Y .Stuonucuuukv (Wk\i.cm>, J.S.VS) Ilci.t., lOlli 

Mouth o|)enmg usually large, often surnaimhsi he a (s>romi ratiiat.t; 
(i-plialie papilla' at times -s(os<>. niercMuyarian; tnale ccith hrt>.ui, eoiispuu- 
oils hnrs.1 tpaxerscsl ccjtli typical rays; <s>piil.itory sphules typically two; 
ocary single or double; huec.d<ap'Ulen'U.iny cc«JI*decclo|>isl lu hotli sexes; 
rhaliditoid larcie dec clop in moist earth. IIiniMii n presentati\ es belong to 
till' follocciiig tlinv f.uuiiies. 

Fiii’itli/ ST IKiyil yi.HKE Itiiinl, isA-i 

Dutsal cai>siile wide, without tcvtii or cutting plale-c hut with a ring of 
I hit moils armature, liiipsi and tccon|>i.i| s|H( ii|<>s -eiil: iisii.ilty parasitic- 
in alitiieiitar.v c.ui.il of ccrtchratcs. iliiiiuii nj»rc-s< ntatic esi Trniiiinm 
tlrtinn lit lilt (it.iillic t and Me nre , tAVip/ioysi/ofrixei njiin-ttui'iuhi 

(WiILm !i, IS'd). fE. \.»r. l{aillii'l and 111 iiry , Jt«ri 

Fiiiinly .S’ y yilAMI D.K IHI2 

Uucxal capsule- we l!HleCilo|t(sl, ccithinit is>ns|m)|<.us (cstli, hut willi ,i 
line k( lusi ihitiiious rim, hurs .1 short. spit usually is|ual, stout; t>.ir.esites 
of the- rc-'piratorc -c-tem. nuitiiii rcprt'Miit.klicr; Svn;-ivitts hr-fUgfiu 
ILiillict, Ks’ri. 

y.ntJv .i.Yr>7.fi.srat/.inM/;f^—». hn.r. /.•//,*. mm i. 

Iti.ic.d cap. oil- wriUlc c( |c,)i>s| .tnd anoisl, luir-a large, with well- 
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developedrays; uteri divergent; panisites of the alimentary canal of \crte- 
orates. Human representatives: Ancylosiotna duodenale (Dubini 1843)' 
A. caninum (ErcoJani, J859); A, malayanum (Alessandrini, 1905); a‘ 
hraziUcnse Gomez de Faria, 1910; iXecator aviericanus (Stiles, 1902). 

SUPERFAMILY TwCIlOSTnONGYLOIDEA Cra 51, 1927 

Mouth reduced; corona radiata lacking; buccal capsule absent or rudi- 
mentary; ceplialic papilia* never setose; meroinyarian or polymprian; 
relatively slender forms, but with bursa not reduced in size. All species of 
this superfamily recorded from man belong to the 

Tyye Family TIUCIIOSTItONGYLID/E Leiper, 1912. 

Bursa large, with well-developed rays; buccal capsule absent; cutting 
organ, if present, consisting of a single lancet; uteri divergent; parasitic 
in alimentary canal of ruminants. Human representatives: Trickostronsy- 
bia cobimbrjyorHiia (Giles, 1802); T. probobjni^ (Rail., 1896); T. iitn'mfs 
Looss, 1905; T. orienfatii Jiinbo, 1914, and several other species of this 
genus; Ilzrtionchus coniortus (Rud., 1803); Mecisiocirnis digitahis (v. Linst., 
1906). 

SuPEumuLY Mct.\stroscyloidea (L.^jie, 1917) Cram, 1927 

Mouth reduced, simple, directed straight forwards; corona radiata lack- 
ing; cephalic pai)illa: never setose; capsule lacking or only slightly reduced; 
polymyarian; bursa with true but rather stunted, atypical rays; uteri 
convergent; parasitic in respiratory or circulatory system, or in cranial 
sinuses of mammals. The species reported from man belongs to the 

Type Family AfETASTRONGYLW.Eleiper, 1907 

With the characters of the superfamUy. Human representathe. 
strongyhis elongatus (Dujardin, 1845). 


Suborder III. Oxyurina (Cram, 1927) Peaise, 1936 

(Synonyms, Oxyurata Cram, 1937, Asrarid.i Sprehn, 1927, 
HypophalU (Molin, 1858) Sprehn, 1932, pro parte; Ascarniata bwja ■ 

1915, pro parte.) . • i ♦ r a naoi/lic 

Forms with cephalic papillae consisting of an inner circle ® 
and an outer circlet of 8; amphids pore-like; e.\cretory sjs e I 
H'sliaped with short anterior tubules; meromyanan, 
spicule (exceptionally two or none), imperfectly chitnnzt , 
arous; eggs flattened on one side; forms monoxenous. 

Type SuPEnFAsiii-T OxYUtioinEA Kailliet, 1910 ^ 

Sniall nematodes, pin-sliaped, with bu«a] a true 

lining of esophagus well-developed; or caudal 

bursa or with a poorly-developed one. but with a p_ , 

nrojection: cnnula+nrv <!pjriilp<5 nne nr two; o\ane 


Atractidaj and Rhigonematidm. Species of medical int 
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TyiM: Family OXYUiUD.K CMnAd, ISO/,. 

^Yith tile clianictcriitics of the suiHTfaniily; iiinle «ith u spicule 

<ir two equal spicules. Human rcpn.“sciitative>: Knten>buis rcrmicularU 
(Linn., 1758): Syphacia obiclata (Itml., 1802). 

Suborder 17. Ascaridma (Railhet and Henry, 1915) Pearse, 1936 

(SynonyiiH, AscaridaSprehn, 1927, 7 ^ro/«r/^; Ilypophalli (Molin lSo8) 
Sprclin, 1982, pro j>arle: Ascarid.ita Skrjabiii, 1915, pro jnirfc: .Waridala 


hiiiKle papillie; mouth tjjncally with thn-c H[m; hucral capsule hickiiiR; 
iiicroiiiyanan or {Kilytnj'arian; male> uitli two spicules; u>ually 

with two o\arie;i, occ.ibinn.iily mure than two; o\ip.in>UH; fonn.<i usu.illy 
tnoiio\ciuniH, but at times complicated by a Kmal mignition tlirou^h the 
bixly of the host. 

Tm'k, Scin.iiv.vMii-Y As^.Muiminr.c lUiLUtn- anu lIr.NnY, 1915 

UMully fairly lar^e or stout nem.itodcs; mouth commonly provided 
with three coii'<pieuous lips hut without buec.d capsule; lining of esophnjteal 
corpus Usually lacking cuticular tlncKening; ilelrids usually pn^ent; male's 
Usually without <audal ahe. with only one or twoii>pnlatory .s|Mculea; 
females with two ovaries, o\ip.m>us: development direct, usually without 
an intermediate host. 

This t>*]>e sU|K.-rfamily indmles the families .Vscaridid.e, Hiterakiihe, 
(’osimKvrcidie ami I\athlanii<|je. Sixties of imthcal interest belong to the 
Ty/x- /'<i//u7y ASCAItl PID.V llainl, 1S,U. 

Male with two spicules; uterine branches |>.ir.iil(-l: eggs very numerou.s, 
unsc-gmente<l when I.iid. Human n‘prv*sentatives: .Imirii liimbrtrxmle* 
Linn., 175b; Tojvnira nuiM (Wennr. 1782); T. niti (.‘schraiik, 1788); 
lAigorhiln^ciiris lA'ijKr, I9t)9. 

ORDER n. SPIBURIDA CHITWOOD. 1933 

Oral o|Niutig siirniuiidtxl hy 2 I.ktcnd pvcudolabia or G nidiimntary 
I.dn.i, or without I.ibi.i; at times 2 latsral '*j.iws:" esoplugus ixindsting of 
all anti rior mu'<ul.ir and a ]xisteriorgl.induIar |urt; exerxtory system with 
2 |Mi->tirior diut.s and l.uking Mil>vrntr:il cxtntory crlls; m.kles with 2 
-•pickiles, c.iudal al.r, if jircMUt, inver burNite; vagina of female wdl- 
iIeV(Io]Ksl: fem.ilrs ovi|>.krous or \ivi|unms. Two sulxinlers are rtxs>g> 
niztsi, the Spiniriik.a and the Camall.'inina. ^|ktu-s of nnsHcal intin'st are 
found in Ixith subonhrs. 

Suborder Spinirina (BaiUict asd Heoiy, 1915) Peane. 1936 

S.Mioiivms, Filaruia 8kri.vbm, I'iland.v Sjinliii, 1927; .''pirurata 

ILvlilitt and Ibnr). IPl.'i) 

Uoiiy U'uallv long aiul 'h luhr; mouth fuiHlatiKiil.'vlIy viith two p<<-udt» 
lips or without lips, and 'urrsmialrsl b\ inapUla* or other oral strs^dures. 
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eM)pliaKUS bleiuivr; pclyiiiyarisin ; fcinule larger tlian male; vulva preboiit or 
absent; two, four or more uteri, nire/y one; /leteroxeiioiis iarv® in inter- 
mediate hosts. 


Sui'KHF.uiiLY 1. Si'iHritoiiJE.v Uailliet -vnd IIenry, 1915 

L'iliforiii or fairly stout worms; mouth witliout lips or with t\vo or more 
pseudo-lips which bound the bueeal cavity; intestine simple, \\ithoiit 
ilivcrticula; caudal alui usually present in male; spicules two, frequently 
unequal; vulva usually near the middle of the body; parasites of the ah- 
mentary tract, respiratory system, or orbital, nasal or oral cavities of 
vertebrates. Human rjjprescntativcs arc fouml in the families Spirurid®, 
Gnathoatomatidie, Phy^alojiteridje.ThcIaziidie and possibly the Acuariida. 

Type Family SPIItl/HI JXE Oerley, JSS5 

Mouth usually with two or four trilobed, lateral pseudo-lips, occaslonalb 
accessory dorsal ami veutrsd lips; clu'tinized vestibule in front of esophagus; 
caiulal ahe of male \\ell-<levelopcd, supported by pedunculated papillfe; 
vulva of female near the mhldle of the luxly; oviparous, parasitic in the 
tissues of the mouth, esopliagiis, stomach, and intestine of vertebrates. 
Human representative: Ooiigylvaema pukhntm Molin, 1857 (s.vtI' 
mihiile Alessundriui, 1014; also G. Itomhih Stiles, 1921). 


Family 0 X.IT IIOSTOMATI D.E Blanchard, 1895 

Mouth witli t\so large, trilobed, pseudo-lips; whole or anterior part of 
body covered with minute, ramified spines; male with caudal alffi supported 
by broad pedunculated paplllre; copulatory spicules equal or unequa r 
female with vulva posterior to middle of body; uterine tubes t«o or ^ ’ 
oviparous; eggs with thin shells, with external pitting; parasitic >0 ''a 
intestine of fishes, reptiles ami maminuls. Human representn i 
Gnathosfovia spinigernin Owen G. kispidum bedtsch., loi.^. 


Family PIlYSAWFTFniV.F Lciper, 1908 

Alouth with two large, simide, triangular, pseudo-lips, armed 
with one or more teeth; cuticle reflected forwards over the 'P®. 
cephalic collarette; bursal alie with supporting papillie ® of 

expansion; caudal papillm pedunculated; parasitic in “hmen 
vertebrates. Human representative: Fhysalopiera caucasx 

1902. 

Family THELAZlIDAi liaillkt, 1910 

JMoiith without definite lips, or with inconspicuous 
buccal capsule usually present; caudal female anterior or 

‘.rbiral,' nasaf or f 

^ “f Hrarv I9>o: ” 

representatives; Thelazia callipxda Ilailhet aiK 
formensis Kofoid and Wiliams, 19.35. 
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:j.jD 


SrruiKAMJLV KiL.\iii<)inm (\Yki.nu\m», IJjob) Sxiu,*, 1907 

Filifonn wonm; inuuth usually biuiple, circular or i>uinc»hat iior><>- 
\ c-iitnilly elongated, ijunuount«l by an internal circlet of 4, 2 or 0 papilhe 
and Jin external circlet of S papilla;; without lips; buccal ca\ity lacking or 
nidiinentary; esophagus c\Iindncal, frwjuently di\idetl into two parts; 
intestine simple, soinetiiucs atrophied ]>oateriorly; males with or without 
caiid.il ahe; copulatory spicules Usually uitM|Ua] and dissimilar; vulva of 
female alimist always in ts,uphagi‘al rt'gioit; |).trasltic in the circulatory, 
lymphatic, muscular, nr connective tissue's, or in the serous cavities of 
vertebrates. 

This suiH-rfamily n>ntains the folloumg families: Filariid.i‘, Acantho 
cheilonematida-, Desinocvrcida* and Siephaiiofilariiihe. SiK'cies of tncslical 
interest are includisl in tiic family Acuntliocheiloncmatida’. 

Family ACA .\' T HOC II EILOXKMATI D.K Fiitisl, 

(.Sviionvms, Dirofilariid.e Sandgnnnid. 19Ji; I)i]>ctalonematiil.e Wclir, 
i9r>) 

Moutli circular or dorsoventnilly elutig.ittsi; cephalic papilKe csmsistliig 
of an evtcmal circlet of 8 p.ipilheand an internal < lit let. if any, of interno- 
LUemU only: (s>ophagus at times diviMcsl into two murpliulogieally dlstiiut 
parts; camlal ahe of male usually lacking or very narrow; spicule:) usually 
uneciual and dissimilar; females give birth to slender inicnifilarial embrvus, 
which are aspinosc*. 

Subtanuly AcanthocbeiloDetiutus Faust, 1939 

(.S>non>ms, Onchoevreime Ia.'il>cr, 1911, pro j/orlr: Ia>ain:e Yorke and 
Mapli stone, 19J(i, pm Sc-tariina* Vorke and ^lapleslone, I92«i, pm 
jMirle; DiiK’talonematiiiie Wchr, t9.1o). 

Forms with c.iudal al.e either ktckhig or extremely narrow. Human 
nprcsentativc.s: Umcn>/li (CoblM>ld. 1877); 0nehi>rttn7 ti>lrulujt 

(la.uek.irt, I89il); .InmtAofAfjVy/ifwirt (Manson, 1891); .1. 

c<T((i (M.icfie and Corson, 1922); Man.iauflln <>z:<iri/t (ManMin, 1897). 

Subtamiljr Difofilanin.-p Wehr, 1938 

(.‘s.v jionv m, Ia>.iin.e Y«>rkc and Maplestoiie, I92l}, pm jurU) 

Furins with caudal ahe VicIf-de'chuHsl. s«ip|»oftcs| by ptv.inal anil |»ost- 
an.il, ixslmiculatnl p.ipilhe. Human nprvM-nUlivcs: may<iE 

h,ut (Illamhanl, IS'.H)); I), rcjiens Uaillict .end Hetirv, 1911; h*i Uki 
(('ol.l.old, IMH). 

Suborder IL CasulUziuu (Chitvood, 193C) Pearse, 193C 

Or.d (>|M iiiiig ii'ually witlnmt p'cudo-l.ibi.c: tnunih at timi's fonuisl by 2 
latirul ’‘jaws;” t's4ij»b.ig»--.il ghimls Usually iiniiuuUatr. ’I'he f«>lliiwliig two 
sii]M rbimilirs are r«ss<,;nl7as!. 

.''l !•» Ill VVJJLT (’CUV|I.VN«||IH.V TllW 1'0» 

I'lirms h.iv mg inlc riial < irv Iri of <rpit.ilii* |u|,illa* rtslmstl; mouili nsiitllc 
wi llnirvi l<>]><si. No hiiiiuii n |>M'‘riitativr 
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Sui'EUFAiiiLY Dracunculoidea Cameron, 1934 

iNIouth i\ sinij)le j)ore, surrounded by un inner circle of 4 to 6 papill* and 
nil outer circle of 4 double papilla;, and with the nmphids posterior to the 
lateral iiapilhe; esophagus and intestine rudimentary; vulva in middle of 
body, atrophying before sexual maturity; uteri divergent. Larvae “rhabdi- 
toid.” Witli two recognized /aiiiiJics, Dracunculidm and PhiJomctrid.'e. 
Iliunaii representative is found in the 

Type Fainibj DRAC U AX' ULI D/E Leiper, 1912. 

(Synonym: Fuelicborniid.'e Faust, 1929) 

I'cniales enormously longer than males; anus and vulva atrophied in 
gravid females, wliich <lischarge their larvie through a rupture of the body- 
wall near the mouth; viviparous; jianisitic in connective tissue and body 
cavities of vertebrates, ifuinnn representative: Dratnnienlus medinatsis 
(Linn., 1758) Gallandant, 1773. 
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THE APIIASMID NEMATODE PARASITES OF AIAX 

SUBORDER D0R7LAIMINA (CHITWOOD. 1933) PEARSE, 1935 
(S^nonjiiis, Triclmnitji Skrjabin, 11)10; Triclijiicllata Faust, 1929) 
{THicuiNLLL.t, Tjucuocei*iiali:» and Ukl-itki) Fouits) 

Tiik apliahiiiid neiuatudcs, os (K‘:>igiiutcU by Clutwuoi] and ChitvuMM], 
19;{:5, include among otliera tllo^c j>i>eeifs nhich arc berc grutii'wl in tlic 
sujierfamily Trichinelloidea Hall, 1910 and tlie ^ujxTfamily Menmtboidea 
Wiilker, I9'll. All of these forms arc ch.iRicU'rIzi-tl by ]ia\ing .t filifonn 
body, at least in its anterior ]H>rt!uti, and by having an eso]>liagtis with a 
lotig, narrow, anterior part and a narrow or wider jwsterior p.irt. They 
ha\u i>ockct*Iike amphids and lack caudal glands. Thu Mti)erfatnily 
Trichinelloidea contains thn-e genera parasitic in man, Trlckhiclla, TriVAo- 
ceplinliis an<l Cupd/urw, c.u,h of which U rcprc*sent«I by a single siKiies in 
man. The mermithoid nematode^ arc occasionaliy act-ldcntal cvntainina* 
tors of the Iniuian bo<ly during their larval st4igc. 

Sci'KUFUiiLY TiuciiiM.LU>iDt:.i IIall, 1910. 

Thu s|K-cies of this group have a c'oinplctc intestinal tr.ict witli an anal 
o]K'ning. TIiu feinalc.s have a rekatively stniight, bluntly nmndisi {Kt^terior 
end, while the males arc curve*! ventr.id and |K>v4*vi either a single spimle 
Of nettle at idl. The females have but a single ovarj-. 'Die family Trichi- 
nelUdsD c'untains one and the f.umty Trichocepbalida (i>nt.dns two of the 
thriv sitecic-s panisitlc in man. 

F.imily THianSEI.Un.K H flnf, }Hi7 

'Diis bamily w.a.i cn.itetl f*ir ;i single •‘iKties, TrichhuUn ///I’nj/ur, in which 
the |>osteriureiid of iM>(h (he in.ih's and females is only slightly thicker tli.in 
the uiiteriiir eiiil. 'Die male laeks a c-opul.»t«trv' sjiuuK* and sheath. 'Die 
fem.de is vivijiamus. 

Gi.vus Tnie»i\nLi.v UviUJKT, KV.C> 

(genus fn>m thread) 

TrichincUa spiralis (Owen, IKU) Itnillht. IMVi. D'he trh hin.-t wunn.) 

Sjcotijms. Tr\ch\na 0»rii, Trukttta D.j-s.nj, lVi|, ;-fi* 

TncAma Krarmrr, IV«.I, Uifkin,! i)»\air,r, jwij 

UUVorVcal s&d QeocrapMcil DUa.— rrifAiuui *i>«ratu wac fu»t t.t..<-rv<sl cti 
ihr Urea] ‘lAcr. cncjftcsl in ll.i- imi*eulsr »s»(«a I'f »!..> ran.r to *ut<.i»"y 

in 0>r»k'n (lV\o<k, I'vl.l) TIa* Una* wrtp *s»in ficir.-l in b-'Hi'.n 

(!*»,.» t. l*s.V.) kt i>f sn UaIjcii «tM>!juId.n|<.f tutxml-M.t TJ.p.r »rfp 

rtfrirnJ to Oacn, «l«i l}.e wuni.* aoJ w.-ol TruA.r.i 

kltrrMsni talj-r l.'ii.un ud<\t»>.a »rrc rpj«>itfsl fj< Hj iUul, <»»i* 

(>.t) 
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many, Dcmnark aral North Aimrlca. In IMfi, Uirly (l'hilailelph.a) final records 
the proaciioe of the larvp lu the flosli of plg». The rcaearclic of Lcuckart (ISofi) ami 
Vnrchoiv' (ISoS) ahoncil tliat TnchmeUa lan-an, when fell to an appropriate experi- 
mciital animal, becairio arlult in a few days, and that the females were viviparous, 
-iciiker (1800) first demonstrated that Trichindla infection in man iias a serious 
aisea.se. Tina leu fo iciicwcU efforts on ffioivitf. f*f n<vrmnn i 


ti)oh.uu. jirov'n lound that Iiypcrcosmophilia was clinically veiy suggestive 

of tricliiiioMs. Ihc discahc, which was proved to he iioth endemic and epidemic in 
its nature, and to ho potentially ca)>ablc of producing a high mortality, became an 
important juililic hcaltii ptoEiictn and led not only to careful cjiidemiological .sur\ cys 
hut to inspection of meats and to otlicr precautions to reduce the source of human 
infection. 

In 1898 Osier reported a O.G |>cr cent infection in routine examination of dia- 
liliragtns at autopsy in tlic Jolma Hopkins Hospital (Baltimore). Kansom (1915) 
found ld7o cases rejicirtcd from the United Slates between 1842 and 1914, with 240 
deaths (1.) 4 jicr cent). Jfore recently Sawit2 (1938) surveyed the literature from 
191.) llirnugli 1930, wliich revealed 2908 eases, with reported deaths shghly under 
•j per cent. In the United States there has thus been an increased number of recog- 
nized cases in recent years but a considerably lower mortality rate. The states witli 
the highest morbidity rates (l930-l93G)arc California, Maine, New* York, Connecti- 
cut, and Mas.-^iclui.'ctl.s, wliilc X . 

South Dakota and Oregon have 
tardy repuilcd from the Southern 

found 0 per cent infection in the *• . . ' • 

cent in an Alabama autopsy scries of 100 case?, none of w horn gav e a clinical hi'tory 
of tnclunosis. 


Tile incidence of trichinosis in the United States in recent years, ns deter- 
mine<l from dlUli post-mortem c.\auiiiwtions, a\eragcs 10.1 per cent 
(Wriglit, .fncobi, siinl Walton. 1044). Spwial necropsy surveys conducted 
since iiave provided the following j)crcentage range of infection- 

Uobton, IS.U (digestion technic. Queen, 1931), Minneapolis, 17.1 (pressec 
muscle, Uilcv and SclieiHey, 1934); San Francisco. 24.0 (diption, MC- 
Naught and Anderson, 1930); Wasllhigton, D.C., 13.6 (digestion a d 
compression. Hall and Collins, 1937); Alabama, 3M ' 

Iiresaion, Walker and Breckeliridge, 1938); New Orleans, ■ _ ( ,1 

Sawitz, 1939); Durliam, N. C.. 2.8 (digestion ,uul ■' 

and Johnston, 1939) ; Dayton, O., 20.1 (digestion, Oosting, 'p,'?/,' ’ 
Mich., 18.G (digestion and compression, Gould, 1941^; * “Si\ , j 
10 0 (digestion and compression, Mcleiiey, {Ttah, 

(digestion and compression, BnxJers and Forter, 1944), an 

" TrS osisIsLtensively distribntcrl bnt in recent 

is relatively light in Germany, Spam. Hungary, districts 

countries. An epidemic outbreak of trichinosis occurr „^^rr.n<5ie,s in 

of Sweden in 1944 (Roth, 1 
Holland numbering 1001 rev ■ ■ 

than one million slaughtered ^ __ , 
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lively Hire liifcc-tion in other jwrts of Africa. In Mexico, I). F., ilazzotti 
ami ('lu\ ira (IU43) ‘'lume<I that human infection amonntevl to S.o jnir wnt 
or more. In Latin America autochthonous cases liave been icportetl from 
Brazil, Venezuela (Vo^elsangv 19-16), Guatemala (I’enagos, 1944) and Chile 
(12.) [HT cent in Santiago). It is unkiiowu in native populations of the 
I’liilippines, Puerto llieo, Panama ami U probably not endemic in Australia 
(Bearup, 1937). In Hawaii Alie.Ua (1942) has reporteil a 7.4 jier cent 
ineiiicnce on tlie basis of random sampling of diaphragms at lu'cropsy. 

Stoll (1947) has estimatccl the worhl tiieidenee of triehiiio>,is to he 27..S 
millions, of whom three-fourths h.i\o hi*eii assigneil to Xorth Amerka. 

Stmetiue of the Adult Worm and the Life Cycle.—The male worm (Fig. 
19.) .1) has a leiigtli me.isuumicnt of 1.4 to 1.6 mm. ami a greatest trans- 
verse diameter of 40 to fi It is more attenmite anteriorly ami mure 
fleshy posteriorly. The eloaca o|K‘Hs at the i>osterlor end of the worm; it U 
evcrtihle during coitus; it is guarded by two conspicuous cvnical papilla*. 
The female (Fig. 19a Ji) measures 3 to 1 mm. in length and lues a gnatest 
transverse diameter about one and a half times that of the m.de. The 
.ulult worms are attached to or biirks] in the muens.i. t.vpieally of the 
(!u<nlcnum and jejunum. Here the mules imi>n*gnate the females shortly 
.ifter maturing and ihereafier smm die. The fem.ilcs then inePiMse to 
their maximvnn si/e, and bore more deeply into the mucous memhr.vnc 
or into the villi, or may cKTasioiially even work their w.iy through the 
iutvstm.d wall to the iKTitoneum or UH*scntcric glamU. By this 

me, ins the viviparous .vuiiiig an* dc|>ositn| in the Ivmphaties, ami prohahlj. 
also in the mesenteric veins. 

('hitwiKMl (19.)9) made a careful stmly of the C'ophagUs of T. sjilrnlig 
mliilt.s and wa.s able to detiion-tratc the following jiolnts (illustrateti in 
figure 19.) H). From the oral opening to the nerve ring (nr) theesuph.igiH 
is capillary Tlunaftcr it enlarges .somewhat into a pH’iulo-hiilh (rt 1) 
Iimmsliatcly po^^terior to thisnilargemeiit It again hets)mests)nstrittisl and 
pnaetsls baekwanU as a eapillarv tubule .dong the mMc of the many Ixxi.v 
cells whieli are st.ickol <in top of one another. Some little di^ta)Ke behind 
the vulv.v in the female amf at a similar level in the male the esophagu., 
termin.ites and the midgut Ingins. Altlioiigh the i“>oi))i.igns is ess-nii.dl.v 
nuii-mux ul.ir, this is mon* ap|).irent tfian aitii.d, since there are iltlieate 
musele vlemeuts along its length- 

.\etv)nling to Ix-uekart, as many as I.TIK) larva* are ilejHKitisJ hy ladi 
female, 'riiese larv.eal tirst ine.vsurelXUo lOtifi in length hyli nin dumctvr 
ami are eap.d>Ie of p.issing Ixitli llu* l><|iatieaml pulmonary Dlitrs during 
the jK-riotl of migration- Bilwi-en the M,*venth and the iwcntv-fifth 
after infection they are found in the arterial (ircul.il ion, through whk h thev 
mignile to all parts of the IhmIv. iinluding the invocnmllum. hut they .irc 
cajuble of «leveh'piiig further only in s|ri.itcsl miwle. The lirst l.irvie 
reach their dc*s(iii.itioti about tbe* ninth day after infection. Tin n* follows 
a roiitimious sirtam of migr.itlng l.irv<e for as long as the fiiii.-ilc worms 
are alive in tlie inli s(im-. varvtng from a ininunuiu of four wts Ls to long 
asfdtv-bnird.vNsin thehmu.»« subject l>tT>kcr, 1917). I luring the jxiwml 
of migr.itioli the l.irva* CMI) U* clili-clisl in cclitrifiig-di/nl .atuplrs c.f 
jH-npIicnvl l>hH«l 

On arriving in stn.ilc*! iniis4lr fn>in the .tdjaisnt <.ij»]|.irirs. the !.tn.e 




113 the distended uterus to the vulvar opening in nnfenor fifth of too txwj'r *"'7' r.' 
anterior end of female worm, shoning in putu ^ , 

esophagus; cb. cell body; e, embr>o »n uttro; «, « • ■ ■ ,, • 

i. midgut; nr, nerve ring, p. \Tilva. .4sndif,XU0 • , ■ i ' 

Parasites of Vertebrates); C, X COO. (Adapted froi*. uw. ~ » • * 

from Chitwood.) 
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liyjicrtrophy and hv'jjerplabia, fragmcnLition of the fibers and the laying 
down of t!ie primary (inner) cap:>ular membrane. Then a secondary 
(outer) adventitious membrane is foruicil from the eniioniysium; this is 
infiltrated with blood capillaries. Wantland, Bardes and Ia5\inc (1945) 
agree that the enveloping aall is a host-tissue response to irritating metab- 
olites of the Iar\Te and is not secretetl even in part by the panxsite. The 
long axis of the capsule parallels that of the muscle fibers. The capsule is an 
acUentitious ellipsoidal object with blunt emls (Fig. 190); it is considerably 
larger than the larva w hich is tightly ciiili‘<i up iiishlc. While eneapNidation 
may take place in any striatwl muscles in the bo<ly, the larMc apiKMr to 
ha\ c a particular predilection for the diaphragm, the muscles of the lar.\ nx. 



I ii. I'.Hi 1 iir)i>its] trirliiiirlU lAr>a m f-lni>r>l {xiL niu-cir <rt(>m Juur 

.M<s} .Vi . in CtMH mild t'hmifvt /‘•tmit/ul-’ffi/ ) 


timgiie. alHloiiuii .md inlcrc'ost.d sjMix.*s, an will .u the biirp', i>s<i.ls. 
jK<(or:il and dclloal miisflcs (f. y., iIiom* iiiUsiK-s which are chanutcrizrtl 
i)> constant a« ti\ ity and are {K>or in gl>cogcti), in which they are mmicruus 
near the {xiints of tendinous .ittacliimnt. Aeconiing to lo-'Wit (19J.S) 
insulin incrv.i.s<*s and dcxtnisc di-cn-aM^s the iiumlKT of larvie wliich Infoinc 
( ncapMil.Ui'd. Following cncMpsiiUtioii the larxie ni.iy n'ni.>in \iable for 

m. uiy }i(ar(. t^ucii Iar\iC li.ut* Ih-cii found in the pig iIcM'Ii scars anil in 

min twcnt\-fi\r to thirtv-one .iflrr cxjMi-nn* to inritijon. Lirv.e 

whi( h li.iM* rt.nrhitl tin ir |Hi'itIoti in the stri.tt<-ti musch s but li.a\e not \ct 
iH-foiiie cnc.i]tsu].it(si are also t.i)Mlile of decilopiiig to iii.itnrily u|Min 

n. tililiig tbc gut of suitable tn.imiii.tls. Fns)iu]itly tbe t.inn* undirgo .x 
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process of calcification from six to nine months after encapsulation. Usually 
the capsules alone become impregnated with lime, beginning at the poles 
where calcification is lieaviest and extending towards the middle, finally 
providing complete sarcophagi for tlie young worms, and thus effectively 
protecting the host tissue from their toxic by-products. Calcification may 
also involve the larvae themselves or the larvie may become calcified 


liiologu of Trxckxnella 


Palhotogy and Symplomaldogy 


Lar\a: become exeysted m btomatli— »- 4_ 


Youiij? worms become ^cxuaUy 

dilTcreiitiatcd 

Young females fertilized 

l-'cmalo3 in\ade intestinal muro'.a 

and begin to larMjioait — 

Larsac begin to pa.sa into Ijm- 
phatiC3 and blood btream cii- -* 
routo to okeletal musclca 

Maximum iiuasion of muscle fibera- 


- I- «— Ga.stro-intC3tinaUyroptoms 

-Ml 


•c-y. 


Dcla>cd-t>i>c intradcrnial test posi- 
f»\c 


-Kdcnia of fate 


Dccicaso III lar\ii> 0 'UiHg— 


Larsffl m musclea inntuic but not 
yet cncapsuUtcil 


- C- 

-1} 

_ oJ 

- _ 10 _»-rc'er at maximum (40 41® C.) 

II «— M)ositJH and "ihcumatic" pains 

-12J 

.13. 

- l^vmophilia iiiitiatcu 

15_ .-Slide pronpilm teat positive 

Zic- 

,.17J 


Uiic.ij)suIatioii uiidci w.»y - 


131(J0d bticam piactically ficc of 
laistc 


»Cl8J 

T .10. 

— 20 ^liosiiiophilia reacitea 

_Z 2 lI«-Ii«mcdiafc-t>po intradcrroal test 
_22j l>Oaltl\0 
.21. 

JJ4. 

—•J25- 
.20. 


Ucspiialory sj niptoms 


Encapsulation practiially com- 
plete “ 

Maximum life of motlicr noinia 
in intestinal wall 


Caloifitation of cyst* begins— 


CalciFuMion of cyst 
complete 


1 1 -,— 1‘rccipitm test po-itne 
2_ «-Fcver subsides 

3 j_Ncurotoxic symptoms and i>o 
4_ mjocarditis 

’ (;_1— Slow coinalesccnic j 




Larva; possibly still viable within |- Sj 
calcified capsules 

' nicnt of tpiraht 

107 —Synoptic diagram, illustrating Uie pro^^J'o Udap^ted from Cameron ) 
and tho parallel cbmeal picture in the patient. (Auap 
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without iii\oKcmi‘nt of the cyst. Calcification is iicc-clcratal hy fctxiing 
irru(liatc<i crgusterul and calcium lactate, hut a therapeutic amount of 
calcium is not toleratc<l hy the host (Waiitland. I'J.'iS). 

Viable Trichinella lar'se in infi“Ctcd fiesli. upon being ingestc<l by the 
human or otlier apj)roj)riate Imat, are tligcstwl out of their capsules in the 
medium of gastric juice and pass through to the duodenum, where tiiey 
become encysted. Some of them hectune attaclietl to the wall and, after 
apparently f»)ijr cc<l.\ses (Kreis, 1037), s«k)ii gn)w to adulthootl. If adult 
fem.des are not fa\orably situatiHl for the deposition of their lar\je into 
lymph or \enuus chaimels, the lar\;e may e-^aiK* into the intts^tinal lumen 
anti be pxssetl in the fetes. 

The interrelation ot the de\ elopniciital stages of the parasite in the host's 
bo<ly and the corrcsjxmiling stages in the pathology and s\mptc)m.itolog\ 
produttsl is repri'scntcd in Fig. 197. 

Epidemiolofy.— Two hosts are re<|uirtsl for the complete life tntle of 
Trichiuclla apirnll^, eath host harboring both the <lefiniti\e and the larval 
stages of the worm. In Nature the black rut and the hn>wn nit are the 
common reservoir hosts of the parasite, winch is pn>pag.ited hy their 
cannihalistic hahits. ]‘igs, wdd hoars, dogs (in Manchnri.i, Vngawa, 19.1-I; 
in New Orleans, .‘sawit;!, HKIS), cats, foxes (Ix.*hmrnslck, 1912), hears 
(Wcstphal, 1913), martens, and the mungoosc (.Micata, 19-1^), which fecsis 
on rats, may contr.ict the infection from the nxlvnt reservoirs. Finally, 
man hccomes infv-ctvsl most frc<|Uently fismi consuming inbstid hog llesl. 
ulthongii .It times one to several e.xsc‘sarere|>on(sl which h.iveeontractisl 
the infection from eating he.ir meat. In .S.vna epidemics of trlcdilnosls h.ive 
resulted from consuming the lk‘sh of wild I>o.irs. ('hlekens arc nirely 
infected, while ciickiKis and dovi^s fail to nuiiitain the miiselc infection 
he.vond the first few weeks after exjx“riniental fessling (.M-ititlf, ll>.39). 'I’lie 
infection h.ishcrn repnrtcclfromrcxTvoirlioslsfnmi jinu tic.dlv all countries 
tiiroughout the world. 'I'lie follow ing|H‘rcent.ige figures rellivt the .imoimt 
of Ink-ctlon in reservoirs in M)mc countrk's: hngt, Fnitcsl .s'tates, 1..'); 
('an.id.i, 9..*)7; Co[>enli.igcn, 09U97.‘»; (ierin.wiy. t).9.>-0.1; Fol.md, 9.U.*»; 
llnig.iri.v, ().()2*0.1 1 : Iloumaiiia, OJo; lalMiion. t)..’)l-l 3;('hile.9.1 in tin* 
north, 9.0 in the .south; Ix’U.idor, 0.01; Il.ivv.ui, wild ht>g<. I-’ilt, niU, Cliile 
5 0-7 .S.S 

I'lider (he .irtific i.il ennditionsdevcIo|Hs| bv for niising.ind f.itlening 
hogs, garb.ige containing imstrriliml liog smip-. is fnsjuentfy fcsi. 'f'liis 
pn>l>.d>ly constitutes the mo^t omiiiion siHircs* of iriihmoiis |>ork in the 
Fiiitjsl .Sj.Ues at (he pn-x-nt time- I’lipisKs-wsI or in.nhsjn.ittlv pisKvs'Csl 
|Hirk. e'lMxi.dly in the form t»f "coimtrv -..uix.igc'.” <stn'tiiuti-s the soims* of 
htmi.iii infiction. In the I.irgi* s|.ing1iiiT houses infcttcsl m».»t is jHmlisl 
with a hun<insl or more fold of uiiiiifi'ctni ine.it. thus diluting the infis tlon 
corrf«i>omliiigIv .ind m.iking for low-gr.ide, usiully siilKlinu.iI, infis tioi 
Oil the otiur h.ui<l, infis tesi, csiiinlrv-daughtc ns| hog tledi is O'lt.ilK 
uiidilutcsl .ind is n'lKiii'ible for a nkilivily siimJI immhtrof x-veri* c linii al 
infis tioiis 

.stevi nd I pill) lilies of trii lunosis loivr iKsurnsl'in the riiilisl .''i.ili s sinis* 
I'.iUl. One iiivolvisi .i (srlhge gn>u|i in lowa; .tiioilar diV(Io]Hst In .i 
iiiiivirsltv group In .\rir‘'ii.i, one deviiojxd in a voiillis' i.iiuimii .V« w 
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England, and two of great severity afflicting large groups of persons were 
recorded for prisoner-of-war camps, one in New ^lexico and one in Michi- 
gan, during the years 1942-1943. Many otlier epidemics of greater or 
lesser clinical importance are reported from time to time for small groups 
from all jiarts of the country except the Southeastern States. 

Sawitz (1938) estimated that sixteen million persons in the United 
States are infected with Trickinella spiralis. However, a large proportion 
of tliese individual have no clinical history of trichinosis. Exposure to 
infection in the United States is not correlated with race, sex, civilian or 



military btatus, occupation, mental in 

dence or bocial-economic condition. I «se3 stenddy tom 1- ^ 

r grlt:Then dtKhdyln Ih per'^ons (Wright, Jacob, and 

''^t“:e^ftnnary and mid-hlny, S S 

occurred in Greenland, with 300 cases and 33 deal >a, ,t nai 

3 to 03 years. In some ijatients the dlrrhea, sore throat, 

graduiil. Charactenstically [. ® „f face and hmbs, and 

headache, myositis of the limbs and trunA, 
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slight fcvcT. Severely ill iiuliv uliiala hud an acute onset of chills and fever, 
vomiting and profuse diarrhea. ALout 80 per cent h.ul an urticari.d rash. 
Examination of the blood showetl a high cosinophilia. There was no 
evidence that the dise.ise was contagious, hut eating of walrus meat 
was found to he responsible. A diagnosis of trichinosis was made on the 
symptoms commonly demonstratcil by the patients, the high eosinophilia, 
the positive intradernml and scrologic.il tests using tricliina antigen, and 
the demonstration of Trichinella larvie in muscle samples of one patient 
who sur< 

The a 
sources i 

Pathot. .... — • 

trichiniasis, or, more familiarly, trichinosis, may be divided into three 
stages: (1) the period of invasion of the host (incubation), (2) the period of 
migration of the larvae (acute stage), and (3) the j>criod of encystment and 
tissue repair (chronic stage). 

During the first period the symptoms are primarily gastro-intcstinal, 
consisting of nausea, vomiting, diarrhea or dysentery, colic, and profuse 
sw eating. They are due to intense cat.arrhal inllammation of the intestinal 
tract and, at times, profuse hemorrhage produced by tlie invading imma- 
ture and tlie adult worms. This occurs through the seNcnth day, when 

latic muscular pains, 

. r. 

. njositis, inxolvjng the 


intense. At times maculate or muculopapulatc cxanthcm.ata, bright scarlet 
in color, m.ay des elop on the trunk or extremities. T^’pically h^’percosino- 
philia rapidly develops and leukocytosis may be pronounced. There is 
frequently an elevation of temperature to 40’*C. and occasionally even to 
41*C. The fever is usually remittent. These symptoms occur roughly 
about the second w eek. 

The third ■period is the critical one. There is characteristically an edema, 
particularly of the face, and especially around the eyes, sides of the nose, 
temples and the hands, or dehydration uiay be extreme. Exen in the 
absence of other characteristic symptoms the eyes m.anifest a yellowish 
bulbar chemosis, with edema of the conjuncti\{e (Lehrfeld and Breisachcr, 
1940). Marked cachexia may dexelop, due to absorption of toxins from 
the larvfe In grave cases delirium, cai^iac and pulmonary decompensation 
super\enc, or the patient may succumb to a complication of lobar pneu- 
monia, pleurisy, peritonitis or nephritis. 

According to McNaught (1938) “there is an active focal cellular infiltra- 
tion of the myocardium, with lymphocytes, eosinophils and polymorpho- 
nuclears, with necrosis and fragmentation of the muscle fibers apparently 
caused by tlie migrating larvw,” which ha\e ne\cr been found to encyst in 
this tissue. Thus, ^‘myocarditis is one of the most serious, and not so 
uncommon complications of trichinosis.” Blumer (1936) states that myo- 
cardial damage may produce edema, congestue hypertension, hemorrhage 
24 
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of the eyes lungs and digjstive tract, uhilc tile circulating larv, 
cause thrombosis and embolism or hemoptysis. 


‘“'“‘I® P™pl>™l neuritis, 


ocular disturb.auces, ,dc.af,rc^,_delay^ 

orientation, hemiplegia, diplegia, hallucinations, delirium, meningitis and 
encephalitis. Amyotrophic lateral sclerosis has also been reported. JlareJv 
thrombophlebitis and thromboenteritis have been observed. In about 
^ wi n 1 ^ lemon-yellow cliemosis of the conjunctiva. 

lyhile the symptoms mentioned above are frequently cJiaracterjsf/c of 
clinical trichinosis, the onset and progress of the disease may at times be 
sufficiently atypical to lead to an inaccurate diagnosis. For example, the 
absence of eosinophils in the circulating blood may sugge>t that the symp- 
toms are not of parasitic origin. Furtliermore, in the great majority of 
persons exposed to light infection, there may be no clinical e^ idence of the 
disease. 

Histologically, the muscle fibers immediately surrounding the imading 
and encysting larvm degenerate, the transformation consisting in the loss 
of the transverse strim and an increase in the number of nuclei. The 
growth of the larvaj results in tlie swelling of the adjacent muscle fibers, 
thickening and modification in structure of tlie sarcolerama, and prolifera- 
tion of the intermuscular tissue. The larva attain a length of 0.8 to 1 inin., 
their growtli being at the expense of the surrounding muscle fibers which 
gradually become absorbed, while the hyperplastic connective ’tissue 
produces the capsule. Calcification is the final outcome of the invasion 
of fat cells at the poles of the capsules. 

Diagnosis.— On inquiry of the avenige case of clinical tricliinosis the 
patient w’ill give a history of having eaten pork inadequate!}’ cooked. 
Pepper and Diaz (1945) state that tlie disease is so protean in its symptoms 
that tlie following conditions must be excluded: acute abdomen, nephritis, 
typhoid fever, angioneurotic edema, poljmeuritis, asthma, myositis of other 
etiologies, tetanus, ophthalmia, German measles, scarlet fever, erUhema 
multiforme, meningitis, encephalitis, myocarditis and periarteritis iiotlONi 
Occasionally the most characteristiesymptom is a marked adenitis, 5’ 

larly of the parotid glands. Clinically the disease requires dineren w 
in its early stages from acute digestive upsets, cholera and ‘ 

Later typhoid must be ruled out. Many of tlie milder * , 

suggestive of intestinal “flu,” with a'’’*'"" rheumatic pains oi t e ^ ^ 

Reiman, Price and Herbut (1941 


periarteritis nodosa associated with 

Moreover, there may be thrombi in the blood lessels o i .r 

extremities associated with hemorrhages from these ' qYichmosi> 
.of nllHimin in the urine. Iriclimosi 


..n,.or.i 


may 
shou 
conj 
caus 

the amount of eosinophilia is not juitg in 

infertion (Gaase, 1944). The occasional recovery „ 


during the initial diarrhea or of the hwie in 1 
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motlier’s milk during the period of migration is specifically diagnostic. 
iIcNaught (1939) calls attention to the “splinter hemorrhages” which 
appear beneath the finger nails of patients during the stage hen the 
larvaj are migrating from the intestinal wall to the musculature. 

The removal by biopsy of a small piece of the de/toi'd, biceps or g.lsf roc- 
ncmius muscle from the vicinity of its tendinous attachment and e.xamina- 
tion in a trichina press under low power of the microscope may re\cal the 
presence of pre-cncapsulated or encapisulated lar\{e. Biopsied muscle strips, 
when digested in artificial gastric juice at 37“ C. for se\ eral hours, provide 
a centrifugate which is both a more accurate and a more refined basis for 
diagnostic procedure than compressed muscle, using the tricliinoscope. 
IIowe\er, complement fixation is at times positt\e when small hiopsied 


fifteen days following exposure, the other intolves the larva, appears 
about the tliirtieth day and reaches its maximum intensity between the 
forty-fifth and sixtieth day. The intradermal test has proved to be of 
definite jiractical value, although Mazzotti and Lozano Iluhe (1044) 
obtained positiv os varying from 2.2 to 17.9 per cent in 1000 tests, depend- 
ing 
or 

10 *" n ... 

subclinical) a small white sw elling appears immediately around the injected 
site, surrounded by an unraised, irregular, erythematous area of about 
5 cm. in diameter. Fading begins in lo to 20 minutes. The test im\v be 
checked by a precipitin reaction. It should be noted that the intradermal 
reaction for trichinosis remains positive for years after an infection has been 
.urpiircd and docs not necctinrily htiUcatc activity of the i>ar«sitt‘s. On the 
other Iiand, the precipitin reaction is more sensitive in providing evidence 
of recently acquired trichinosis and is likely to become negative wlien the 
infection iiccomcs quiescent. Roth (1945) has developed a simple slide 
precipitin test, using patients' scrum and sterile living larvae digested out 
of infected muscle of laboratorj" animals. The test becomes positive ten 
to twenty days after the first symptoms appearand is cJ.umed to be more 
sensitive and more trustworthy than the intradermal and precipitin reac- 
tions. Siisseiiguth and Kline (1944) recommend a slide ilocenlatioii test. 
(.See Section VII on Tcclmical Aids, pp. (MM, (M)5, (M)7.) 

Tberapeusis. — There is no sitisfaetory treatment for terminating the 
disease before it runs its course. If tnchinosls is sus})ected during tiie early 


mucosa, .\ftcr specific diagnosis has been made, palliative measures 
should he used and the patient made ns comfortable as possible. Supportive 
treatment consists in keeping tliel>owel3o|K‘ii and uILtlinized, and in giving 
s]>eei.il attention to the kidneys, which must carry oif most of the p.ir.isite’s 
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toxins. Sedatives, such as sodium amyfal, should be administered to reduce 
respiratory stimulants may be needed, 
In dehydrated patients hypertonic saline infusions may he introduced by 
hypodermoelysis. Van Somerm (1939) states that 3 ee. of calcium gluco- 
iiate no per cent solution), administered intravenously during the period 
of larval migration, reduces tlie temperature and minimizes intestinal and 
musciuar pam. 

Special attention should be directed to myocanlial lesions caused by 
iiugrating larvoi. While the larvae do not normally become encapsulated 
in iieart muscle, they pro\'okc a cellular infiltration leading to fibrosis and 
pernianeiit damage, with symptoms mimicking essential hypertensive 
myocarditis (Blumer, 1936). 

Piogr-’- T- ’ . . ! ‘ j 

good, i ' . . 

In iof tne decennium I93G-1945 there were 287 cases 

reported to the State Department of Health. Seven of these died as a 
result of the disease (Ober, 1940). If the patient can withstand the active 
periods of the <Hscase, it gradually subsides and slow recovery is effected 
However, myocardial or cerebral danaage resulting from migration of the 
larva? may leave the patient a permanent invalid. The numerous micro- 
scopic cysts in the striated muscles appear to produce no appreciable lasting 
inconvenience to the host. 

Control.— With the knou-lcdge that tlie pig is the reser\-oir host of the 
infection, careful inspection of meats iu the large slaughter houses m 
Europe reduced the epidemics of serious cases to a rainiruum. hut there are 
undoubtedly jiundreds of undiagnosed cases throiurhont the les*! nonnlnns 
endemic areas. • ' ' ' 

are ineffectual. •. . . ^ ot? i' is;o 

nausotn and other workers have shown that refrigeration at 6 '■-a L“. 

C.) for not less than twenty days (Ransom, 391 6), or at —0.4® F. (—IS ( •) 
for twenty-four hours (Augustine, 1933), renders infected flesh practical > 
innocuous. Boiling of trichinized meat for a period of one-half hour or 
every pound of flesh is a fool-proof method of sterilizing pork with respcc 
to tiie infection. American pork products whicli are customaruy ea en ra 
are properly prepared only iu government-inspected slaughter ou.se , 
country-killed meat is not supervised (Schwartz, 1929). 

In summarizing the present day rationale of control in the Uin 
Gould (1945) lias outlined six possible methods, namely ij 

hogs, (2) education of the public, (3) destruction of rats, ( ) 
garbage fed to hogs, (5) skin-testing of hogs to jJ^uction of 

positives and (6) processing meat by beat or refrigeration 
rats is not of major value. Inspection and testing of 1“"® ® desirabir 

provides a false sense of safety. Education of the con . lo 

Lt not effective. Cooking of garbage is 

enforce. Storage in deep-freeze units at 0,to 5 be per- 

■which is both simple and effective (providing the 

suaded to eat frozen rather than chilM pork). York 

In ms the Committee of Public ^pts . 

Academy of hledicine subimlted a report (1 ub. 
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47S— 188) oil control of trichinosis. After reviewing evidence in support of 
the conclusion that trichinosis is a serious public healtJi problem in the 
Tnited States, and eighing the relative merits of microscopic examination 
of pork, refrigeration and quick freezing and boiling of garbage, the Com- 
mittee reganls garbage treatment as the most practical but recommends 
tliat additional studies be initiated "to determine ^shethe^ more cffectnc 
measures for the destruction of trichinae in pork products can be devised 
without an undue increase in cost." 

family TIUCnOCEPlfAUD.IC Uainl, IS3S 

The members of this family have a characteristic capillary anterior end. 
Aeconling to C. H. Li (1933) the anterior end of this worm is provided with 
a delicate, protrusile spear, suggesting a relationship to free-living forms, 
I)Ut Chitwood (1937) regards the spear, togcUier with the muscular ele- 
ments of the organ, as an adaptation to hemophagous habits. The male 
w onus ha\ e a cojiulatory sheath and usually }>osscss a copulatory spicule. 
The eggs are barrel-shaped and possess clear polar prominences. Tlie life 
cycle of these sjiccics is direct, the worms rcriuiring but one host. They live 
in the intestinal tract, liver or urinary bladder of mainmaU and birds. 

GK.NU& TmciiocEriULus Scim.uiK, 1788. (Syn. Tmciiuius 
UocoEniiJi, 17G1) 

(genus from lulr, and ^<^aX 7 , iicad) 

Trichocephalus tnchiurus (Liniueus, 1771) Blanchard, ISOo. (Tlic 
human whipworm, producing trichocephaliasis, trichuriasis or whipworm 
infection.) 

[Common synonym, Trichuris trUhhira (Linn., 1771) Stiles, 1901 J 

The generic name for the human whipworm is in dispute and has not 
been ruled on hy tlie International Commission on Zoological XomeneJa- 
ture. A special committee of The American Society of I’arasitologists has 
reported (1941) in fa\or of Tnchuns but convincing arguments Inue also 
been made in or of TrichijcephaUts. 

Synonyms.— ^scanatrif/nuro Linn , 1771, rncAoccpAoliw Aomin tsSclirank, 178S; 
Tndiuns /lominis (Schrank, 1788) Brugierc, 1791; Tnchocephalus disyar Rud , 
1802, MasUgodts hommia (Sclirank, 1788) Zeder, 1803; probably abo Trichocephalus 
5KIJ ScJjrank, 1788. 

Historical and Geograplucal Data.— The human whipworm was first obsc^^cd by 
Morganmi towards the end of the seventeenth century, but this observation was 
forgotten and the worm was apparently not again obser\ed until 17G1, when Roe- 
dercr studied siiccimens recovered from the cecum of an anatomical preparation 
made by one of ins students m Gottingen. He discovered that the worm was new 
and proposed for it the name Tnchuns, believing that the filiform end was the tail. 
Goeze (1782) corrected this error and renamed the worm rncAocepAa/us, Linnxus 
(1771) first provided it with a binomial, Aseana tnchiura. Schrank (1788) called it 
Tnrhocevkalua homims. Since neither Roederer nor Goeze abided by the rules of 
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Tins worm is cosmopolitan in distribution but is most prevalent in the narin 
50 to 100 per cent and the amount of the Infection (i. c., worn burden) is correspond- 

Copenlmtn/28^3rBa “ n.7 

Prague, 6.7 (Gabriel); E. Prussia, 84 
infection is uncommon in the northen 

United States it may be present in 20 to 25 per cent of populalionsiun cj-ed bat the 
womi burden is usually low. Stoll (1947) lias estimated the world incidence at 
3.50.1 millions, includini- 227 in Asia, 27.2 in the U. S. S R., 34 in Euro|ie, 28 in 
Africa, 38 in tropical America, 0.4 m North America and 0 .5 in the Pacific Wands 

^ ^ Structure of the Adult Worm and The Life History. — Tlie adult wliipnoriii, 
i richoce2)halu3 trichitiru^, «>/imio«Jy Wi'es in the human cecum, hut it h 
freciueiitly found in the appendix verinifonnis, on uccuMons in the colon 
and rectum, and in the posterior part of the ileum. iMan is the only com- 
monly accepted host of this species, but the worm found in the pig and in 
certain monkeys {Colobus mformHratus and Cercopiihccus diana) may be the 
same species. 

The male worm measures ‘iO to 45 mm. in length, the anterior three- 
fifths being a capillary tubule and the posterior two-liftb being more 
fiesliy. The caudal extremity is coiled ventrad as much as 360 degrees or 
even more (Fig. 199 A). TIjc male genitalia consist of (1) a sacculate 
testis, whicli ascends from the posterior end of the worm towards the 
anterior levels of the fleshy portion, (2) a vas dcfereJis, which turns abruptly 
posteriad and descends to tlic cloacal region, and runs into (3) the ejacula- 
tory tubule (eirral organ), before emptying into tJjc cloaca. The single, 
lanceolate spicule, which iiiejisures 2.5 mm. in length, protrudes through 
the retractile sheath »'it the posterior extremity of the body. The slie.'ith 
has a bulbous end and is beset with numerous recurved spines, which serve 
to hold the male in coitus at the time of copulation. 

The female worm (Fig. 199 B) measures from 35 to 50 ram. in length, 
bluntly rounded at the posterior eii<l, and has approximately the same 
proportions of capillary and fleshy parts as the male. T he v’ulvar opening 
is situated ventrally at the anterior extremity of the fleshy portion. w 
ovarian tubule arises as a sacculate organ near the posterior end o w 
body and proceeds anteriad to the middle plane of the flesb’ 
which it merges with the oviduct, which, in turn, descends in a or 
track to the subcaudal plane. After partial coiling, it ^i^ns foi^'an s ‘.r . 
short distance, to join the large uterine pouch, which g ^ 

fleshy portion of the body and, some little distance 
constricts into a serpentine tubule, which pniceeds tot le - ■ 

The worm is oviparous, tJie eggs when extrudwl coiit.unJ fe • 
blastomere. . , n i,.i\ c 

The eggs are barrel-shaped, jwssess an outer and an . 

transparent polar pronrinenecs, _(J7g. 199 C). .l“w, 

length by ' . ‘ 

female lays 

JIanalang ^ ■ — . ■ . ■ 

and Correa and Mellone (1938), 315 eggs per gram - 
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ever, the latter two estimates were calculated from egg-counts made mst- 
vmrtcniim colonic feces and are therefore probably not true indices of egg 
I roduetloi. Miller’s study (1939) of egg production for T. ini 
dogs showed a daily range of 1349 to 4808 eggs per female worm, varying 
inversely with the number of worms infecting the dog (average, 2035 eggs) 
Ihe first division of the egg is transverse but unequal. The second is also 
transverse, being a division of only the blastomere at the vegetal pole. The 
third division is a longitudinal division of the medial cell. Thus the four-cell 
stage is the result of three rather than two segmentation stages. Develop- 
iiieiit of the first-stage larva within the egg takes place outside the body of 
the liost. The time required for tins development depends on the type of 
environment, but requires 21 days or more (Brown, 1927^ although Miller 
(1939) lias reported an embryonatioi) peri<^ as short as nine or ten days 
for the dog whipworm (T. vulpis). Apparently no larval eedysis occurs 
within the unhatched egg. Kxtreinely dry conditions prevent erabryona- 
tion, Spindler (1029) demonstrated that moisture is much more essential 
for the development of tliis egg than had previously been supposed. Human 
beings become infected as a result of swallowing the fully erabryonafed eggs 
contaminating food or drink. 

The various steps in the life cycle, as first described by Grass! (1S87) on 
t)ie human whipworm, and more recently by PuJJeborn (1923) for ^^hip• 

... 1 ....j /ino TVr.’lUw /lo^o^ fnw 


tJie numan wmpworra, and more recently by rujjeoorn lor ^^mp• 
worms of monkeys and rabbits and Hasegawa (192-1) and Miller (1939) for 
the whipworm of the dog, indicate that tJie egg-shell is weakened by the 
intestinal juices and the activated, weakly muscular larva breaks out of the 
shell. It soon invades the glandular crypts and penetrates into the glands 
and stroma, in whicli it becomes coiled, meanwhile causing considerable 

” "’ll . For a period of about ten days these 


in the region of the cecum and appendix, mere is nu - — . 

indicating that a migration to the Jungs is required or utihaed. Approxi- 
mately three months are required for the complete development Irom 
exposure until egg-laying begins. ^ /moc-io^s^ the 

Epidemiology. —As Cort and his associates have shown GO-b h 
human whipworm’s distribution is usually coextensive with that ot 
lumbneoidea, but there are areas of heavy rainfall, high hunii i > 
densely shaded, moist ground x\here the whipworm is much more p^e^ > 
and, on the other hand, .other areas wth less minfall an ^ j’ , . 

ascariasis is more prevalent. Hegions with high c^hnol aee 

whipworm burden are usually those polluted , u 

(5 to 13 years of age), who are more usually mbrvona* ^ effi® 

tion. Infection results directly from ingestion of ^uHy o i 
picked up from the soil or contaminating food or drink. 

Once established in the human bowel, the whipworm may Ine for ma y 

years. 'VTirr'h has been written 

Pathogenesis, Pathology and Symptomatology, .un 
about the pathogenicity of the human b 

known. In tropical and Oriental countries the infect i No 

being present in the cecum in 25 or more per cent o P 
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appreciable clinical hyinptoms are usually elicited from persons harboring 
liglit infections. IIo\\ever, Caldwell and Caldwell (1929) state that cases 
wcur in which symptoms are pronounced and that the degree of symptoms 
is not necessarily correlated with the number of worms present, although, 
by and large, heavy worm burdens produce more demonstrable symptoms. 

The worms are attached by their anterior ends to the mucosa, or arc 
sewed into the mucosa, and a film of mucus usually surrounds the oral end. 
According to HoeppH (1930), the worm secretes juices which liquefy the 
cells of the intestinal mucosa adjacent to the attached end. Guiart (190S), 
Hrown (1934) and Chitwood (1937) believe that the worm may suck 1)Io(k1. 
However, there is ordinarily no conriderable tissue reaction and the adjust- 
ment of host tissue to parasite may be said to be that of nearly bal.iiK ed 
equilibrium. Occasionally the head of the worm extends through to the 
subinucosa or the inuscularis and on rare occasions it may possibly pcrfonite 
through to the body ca\ity. Under such circumstances a more or less 
serious inflammatory reaction may result. If the w onus lodge in the lumen 
of the appendix they may cause occlusion of this organ, or in.vy suck 
sufficient blood and produce sufficient inflammation to produce an “acute 
appendix.” The majority of the worms are concentrated in the cecum and 
appendx but in heavy infections they may be basteil into the mucosa of the 
ascending colon or even extend down to the anus. Helatiwly few are 
nttaclicd to the lower portion of the ileum. 

In a study of an Italian ship’s crew during 1942-1943, 81 nicinher.s were 
found to be infected w ith T. trichiurus. The associated symptoms reportetl 
(expressed in per cent) in the onler of fre<iucncy wore: pain o\er Mc- 
Hurney’s point, 37; chronic constipation, 37; |K-riu(lic abilomin.i) distress, 
34; gsiseuus eructations, 30; neuroto.xic manifestations, 30; \crtigi>, 30; 
indigestion, 28; loss of wciglit, 25; pruritus, 18; burning sensation in the 
abdomen, lOi nausea and/or vomiting, 13. Twenty-one per cent were 
symptomless (I’lesscn, 194.)). 

During the period 19 11-1944. 50 cliildrci) with uncom])]icati(i whipworm 
infection were’ studied clinually hi the Gorgas Hospital, Canal Xone. 
.\boiit half of these p.itieiiU came from rural areas and the other half from 
priiuip.)] cities in I’anaina. The majority had a sexcrc infection. The 
a\ enige history indic.itixl a diarrhea of from one to three months’ duration 
.IS the most significant niaiilfest.ation of the acute stage. Frequently tlie 
st<M)Is were bliMNl-striMkcd and there were abdominal pain, tencMiius and 
progressi\e loss of weight. Chronic iiifeetioii was fmjucntly n-sixuisihle 
for n-jx’atetl prol.ii)se of the rietiim. with worms \isible, .sewi‘«l into the 
n-ctal imicosji. I’etechial hemorrhages oceurred at tlie .sites of .ittacliment 
wilt'll attempts were niailc to rt'inuse the worms by tnutioii (Whittier, 
Kinboni and Miller. 191.)). 

In some individiiids, p.irtie)ilarl.v ehildreii, signs and s\ inpt(>ms. consist- 
ing of loss of apjK'tite and loss of weight, etleina of the fate :ind b-uidi. 
d\ spnea. earili.ie ‘lil.it.ition, liep.»titis. a M'cond.iry anemia with a <li'prol>or- 
tioiiutely reduc-td lienioglobin (i. e., 2,^)00,<NNI rbe with >19 (x-r etiit III) 
ill tlnldren witli UK) to 1199 wonns at necropsy ./T./r Cietz, 19I.'»). eosiiio- 
pbilu ixs.Lsioii.dl\ lip to 2.*) ;kt criit. insomnia, s\m|).itlatie tu'iin>'X‘s,aiid 
e\en epilt ptifomi sfuures, ran ly an urtuari.!. .are prixluiisl. 
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Pfrliiips tlic most serious r.-.lc playwl by Imhocephalm hichiima is the 
o|)portuuity whicii tile worm offers for secouiiary invaders, as staphj iocoed 
and streptococci, to enter tile puncture wounds made by the worms, and to 
produce submucos^ai abscesses, whieli lireak tiirough to the surface as 
multiple uicCTS, llicy arc p,articularly found in the cecum and asccndiiie 
colon. At tunes vasculur thrombosis may develop in the adjacent deeper 
layers of tlie bowel Wtall (Garin, 1011). 

Diagnosis. Ihised on tlie recovery of the charaeteristic eggs in the feces 
of the patient. IMaiialang (1028) has estimated that each female worm 
averages 150 eggs per gram of formed fcccs, hut tliere is evidence that egg- 
laying in the wJdpworm is miieli less constant tlian in tlie hookworm and 
hence less <lepend<able a.H a nu‘an.s of estimating tlie number of worms 
present in an infection, ('orrea and ^fclione (1938) maile egg counts in 
19 whipworin-infccted autoj)bies and obtained an a\’erage of 315 eggs per 
female jicr gr.im of feces, or 200 eggs per gram of feces for both females and 
males recovered. 

Therapeusia.— None of the available drugs wlitcli are efficient for the 
removal of hookworms, Ascarts Uimhricoldes, Enicrobius xermicnlaris or 
Strongyhidcs aiercorali^ arc particularly satisfactory for use in whipworm 
infections. It is true that full therapeutic doses of oil of chenopodium 
dislodge the majority of whipworms in a lieavily infected patient, hut this 
drug is very to.xic and sliould not be administered in tlie amount necessary 
to eradicate tlie worms. Likc\\isc, PalHstcr (1933) obtained a heavy yield 
of evacuated worms after administering 8 cc. of carbon tetrachloride with 
2 cc. of oil of chenopodium. However, these dosages are considerably in 
excess of the normal tolerance of patients and are not recommended for the 
average case. For patients harboring a large number of these worms it is 
safer to administer several weekly doses of tetraclilorethylene in amounts 
of 3 cc. for eacli administration (adult dose) or 3 minims per year of age 
(children’s dose) . ; u n 

In the event that tetraclilorethylene, carbon tctwchloride, oil ot ’ 
podium, or a couibiiuition of either of tlic Orst two in the amount o ^ 
with 0.3 cc. of oil of clienopodium is prescribed, it is essential timt the o" 
be evacuated of feces before specific therapy is instituted Hig i / 

followed by purgation with Glauber salts (sodium sulfate), lo 
one-half ounce in a glass of water, taken the night before treiitnien , 
not only clean out the bowel, particularly removing tlie 
surrounding the wonns in tlie cecal area, but will also m 

the heads of the worms. Witliin two hours after specific therapt 
been carried out saline purgation should be repeated, ^ 

patient against excess absorption of tlie drug (m the case o ‘ of 

chloride and oil of chenopodium), as well as the toxic j-p 

‘'The'Iwrecommendaticns are not likely tu b= effective in ren.ovi,.g a 
small number of wliipworms. . .y-g (jjajon) 

A specific anthelmintic for wliipworms, known at Ccntr-ii 

is the crude latex of the fig tree, Ftcus ghhmta (si n. f . 1 of 

America and Northern South Ainericn. and its ’ (v storoach i" 

Brazil. 'I’he fresh latex {hche de higmnrn) is taken on < 
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2-ouncc (()() oc.) (!()'>c'&, usually without pre-treatment or i>()st-treiitmeiit 
purgation. No ill-eirects from its administratum Iiji\e been noted. Un- 
fortunately this latex rapidly ferments unless kept on ice. Caldwell and 
CaldsscU (1929) fouv\(l that the therapeutic dose produced an 85 per cent 
egg reduction in their series of treated cases, with cures in 54 per cent of 
their patients, while «jil of clienopodium, administered to an equal number 
of cases, produced only 17 per cent egg reduction and 1.7 per cent cures 
A proprietary preparation of the crude latex from Coloinl)ia, preser\ed in 
one per cent sodium benzoate and marketed under the name ‘‘Uigneroiiia." 
is available in parts of lavtin America. Tlie preM?nt author has found that 
its efliciency is not more than 75 per cent that of the fresh, unpreser\e<l. 
refrigerated Iate.\. The effective fraction of leclw de lugucrun Is ficiii, a 
proteolytic enzjme recovered by Kobbins (19-iO) As yet it has not been 
adcfiuately tested to guarantee its practical efficiency or safety. 

Ilurrows, Moorehouse and Frecil (1917) obtained about 88 percent worm 
removal in 23 adult patients in a mental hospital Ele\en of these indi- 
\iduals lost all of their worms. This followed administration of emetine 
hjdrochloride in Enseals (Lilly) coated tablets of 0 02 Gm. size, with a 
dosage ranging from 3 tablets a day for twelve days to IG tablets in one 
period of 24 hours. Tlie drug produced considerable diarrhea and dysen- 
tery, nausea and n omiting. 

Prognosis. —Good to fair in untreated, lightly infected cases; fair to poor 
in untreated, lieavily infected persons showing elfccts of the infection. 
When a satisfactory antlielinmtic is available, the prognosis will be excellent. 

Control.— This consists in the sanitary disposal of human feces, particu- 
larly in moist, warm countries, where rural sanitation is most needed. 
Thorough cleansing of the hands before meals should reduce human infec- 
tion. Children, in particular, must be taught to use sanitary toilets and 
to keep their hands out of their mouths when pla>ing on the ground. When 
au available sjiecific anthelmintic is found, an additional weapon for 
controlling this infection will be provided. 

Related Species.— ilany closely related species of Trichoceiihalus are 
found in other mammals, including T campanubis and T. serratus m the 
cat, T. discolor in the cow, T. leporis in the rabbit, T. mints in rats and 
mice, 2’. oiis in sheep and goats, T. svis in the pig, and 2'. vuliiis in the dog 
and fox. 

Genus Cai’ILL-^ria Zeder, 1800 
(genus from cajnlhis, hair) 

Capillaria hepatica (Bancroft, 1S93) Tra\as.sos, lOl.j. (The capillary 
liver worm.) 

Synonyms.— Trichoctphalus liepaticus Bancroft, 1893, Ilepaltcola hepatica 
(Bancroft, 1893) Hall, 191G. 

Biological and Epidemiological Data.— CapiHana hepatica is a trichocephahd 
nematode Uving m the liver tissues of the Alexandrine rat, the black rat, the brow n 
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monkey {Cebus capucimts imitator). One authentic case has been recorded from a 
man, a British soldier in India, and a second true hepatic infection in man has more 
recently been diagnosed in the Chanty Hospital of New Orleans, La. (1948). 
Skrjabin et al. (1929), Blackie (1932), Vogel (1932), Sandground (1933), Faust and 
Martinez (1935), Wright (1938), J. F. Crow (personal communication, 1947) and 
Brosius, Thomas and Brosius (1048, Trans. R. Soc. Trop. Med. and Hyg., 42(1), 
95-97) have recovered eggs of this species in the feces of patients who had either 
eaten the livers of infected animals or Iiad exposed themselves to contaminations of 
disintegrating, infected livers. In none of these 
cases of spurious parasitism has there been any 
evidence of actual human infection. Foster and 
Jolmson (1939) suggest that the presence of Cap- 
illaria eggs in feces of Panamanians is probably 
due to eating the cooked, infected liiers of the 
peccary and local monkeys. Tlie %sorm also de- 
\-elop3 normally in the dog and the chim])anzce. 

I Natural infections in reservoir hosts ha^e been 
' recorded from America, Europe, Australia and 
India; rats and mice are not infrequently infected 
in China and Japan. 



Fig. 200 . — CapUlaria hepalica; anterior 
end of female worm, showing capillary 
esophagus and A-ulva X 10. (After 
Nishigon.) 


Tropcn-H>gi'’ne ) 


When dis-seeb 

shorter than that of ■ 
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3Sl 


ppicule U only slifilitly clntinizcd and tajjcrs to a fine iwmt. It is enclosed in a pro- 

fnisile membranous shci 

(he esophageal region. 

clwractcristic pattern fo- 

perforatctl w itii minute « 

The eggs of the related sixicics, C swicicda Xisliigori, 192-1, .ire longer and more 
Fleudcr. 

The life cycle of this species, like tliat of Tnchocephalua, is direct, requiring only a 
v.ingle hoj,l. According to Mi-vlngoii, the eggsare deposited in the parenchyma of the 
liver and arc not excrctcrl. I.ess than a month after they arc laid they contain ma- 
ture cinhrjonatcd lar\ a*. Thc^e aie transferred to the ne\t host «hcii the infected 
organ is eaten by th.it ho't, or thmngh the natural dccomfioMtion and diMiitcgration 
of the \iscera of infected ho'-ts and snhsoquent contamination of the food or dnnk 



1 10 202 — Eees of CapilluTui hepattca in section of ral't* tner X 1000 (After Faust and 
Mactinex. in Jour I’arasitol ) 

of the next host Flies may play a minor lole m their dissemination. Tliey hatch 
in the intestine (Fig 201) and the free larva? iienetrate the wall, hence the majority 
migrate to the h\cr via the portal veins A few aberrant individuals may pa&s the 
portal filter and continue through to the lung&, brain, kidney or skm From tw enty- 


sists in the formation of fibrous connective tissue around depots of eggs and m 
light infections involves only a localized area In heavy infections, however, the 
liver of the rodent host may be affected by a generalized cirrhosis Here the eggs 
may be destroyed by giant cells or may remain for aa long as two years Toxic 
symptoms, consisting of a diarrhea, dyspnea ai^ coi^esUon of the hver, may result 
from heavy infections In the first human infection on record, reported by Mac- 
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Arthur from material tuiiiibhed by Dive, the (.ymploms Here said to resemWe 
pyemia, and paslmorfem examination rcveaW a suppurative condition of the liier 
nitll sponsy areas, which, under the microscoix!, revealed the presence of larac 
masses of Capillaria hcpalica eggs. ° 

Diajnosis.-PossiWe only at postmorUm, by examining scrapings of tlie infected 
</rgan8 or by sectioning Ibe tissue and finding the characteristic eggs. In genuine 
infections the eggs aie not <}^^c)laI;ged in the urine, tJie bile or the feces. 
Tberapeusis.— Unknown. 

Prognosis.— Probabi}’ j«)or. 

Control. Infection among rodents is doubtless due to cannibalism, or to ingestion 
of nat,ura% decomposed viscera of infected hosts (Tubangui, 1031). Due to the 
source of infection, human cases are bound to be rare. Human food and dnnk 
should be protected from contaminations. Care must be exercised not to confuse 
spurious with genuine infections. 


Sui’KIlFAMILY ^rEIUHTIIOIDEA WpLKEn, 1924 
This giouj} consists of several genera grouiied under the families Meruuthida 
llraui), 1883, and Tetradooematldas Wulkcr, 1034, 

The adult Mcrniitliidx are readily visible to the naked eye and some reach the 
length of 10 to 20 cm or more. They aie opaque object?, with a pointed anlenor 
end, a tapering liody and smooth, finely striated cuticle. Behind the non-muscular 
cvopliagus tfio intestine, if prc-^Jiit, is modified into a trophosornf, or storage organ 
for food, and in .some sfiocics K completely lacking for a part of the way According 
to Steiner (1933), tliis is {nobobly an adaptation to the parasitic life of mernnlhid 
norms in the body cavity of their arthropod host, whicliis richly supplied with pre- 
digestcd foods. In some sjiccics, however, a complete digesti\e tract la present in 
an early larval stage . . 

In females the anal o[)euing is represented by a slight indentation of the cutiriei 
in males tlje cloaca jxirsists to permit an outlet for the .''permatozoa, but the intestine 


for the larval stage is Agatnomermts. . , 

Two cases of human infection with larval mermitluds are recorded ^ , 
Ilass.ail (19211), both of winch were originally described by ^ 

Ag^fnomenms homi7iiS on's (Leidv, 1850), wa,s about 14 cm. m leng i an ' ^ 
tamed from the mouth of a child. The second, '^ 80 ”^o 7 nerms rest^omi^J^^ y- 

1880), was 65 cm long and I 5nim. in diameter and was recovered wni e a 

to emerge from the penial ojiening of an adult white man. Bavii-' 

A thii^ case of infection v\ith a niermithid worm has been 
(.1 927) . Tlio w orm is said to have been pas^^ed by a vvornan tboug i . 
from uterine cancer. Tiie specimen (alcoholic preservation) was ^ 

color, totaling al>out .56 cm. in length and liaving a niaximum rc 
IptMs than 1 mm - i- fwasc 

An 

The presence of merroithids in the human body is woims f‘ave 

ingestion of the v\orms m food, water or moist earth m o ' . the 

found their way after migration from the mvertebratehost, o 
invertebrate host with its paiaaitie progeny. 

Suborder Dioctophymatina (Skijabin, 1923) Peaise, 19 
(Syns- Dioctophymida Sprehn, 1927; Dioctojibynicata 
Dioctophymata Skrjabin, 1923) 



DIOCTOrilYMA Hi:.\ALK 


;}83 

Mciiil)c-r> of thii« liir^'o of the eiioplul Aphasniidia (of Cliitwood 

and Chitwood. 11);5:{) arc lij)Ie.ss spceies which have a rudimentary month, 
w ith or w ithout ce[)halic suckers. Tlicy ha> e a w cll-<le\ doped, lindrical 
esuphiigns aiui an intestine. Tlie aniphuls are labia! in position and pore- 
like. Cauda! glands are lacking. The sexes arc monogonic. Tlie male is 
proviiled witli a single spicule, l.ieks a gubcniacuhim and has a muscular, 
snctori.d bursa, unsupported by r.iys, at its cjiudal extremity. The female 
has a long, muscular \agina aiul is o\iparous. The eggs have thickened, 
pitted shells, which are lighter at the |h)1i‘s. The described species all 
belong to the superfauiily Dioctophjrmatoidea Railliet, 1916, and to the 
t^pefauuly Dioctopbymaticke RxiUiet, 191,'). Of the fourrecogni/cd genera 
of this f.imily. one .specie.s, Dioclopliyma reiiiile, has been reported as a hu- 
man parasite. 

CiENLS I)lOC*l<U*IlYMV Cou.i-rr-ME\<.KKT, 1802 
(genus from iioyKOat, to swell, and tubercle) 

Dioctophyma renale ((locre, 1782) Stiles, 1991. (The gi,int kidney 
worm.) 

Synonyms — .Iwnr/a wtaUs Goeze, 17S2; .Israris cam* rt marlit Sclirank, 1788; 


uichidiag tho (log, wolf. Cams jubalus, puma, glutton, raccoon, coati, marten, 
skunk, wea«el, mink, otter, .seal, o\ and lior«o It has l)oen reported from Europe, 
North and South America, and Im been obtained once in China (Nanking) and 
once in Diazil (Li«bda, 1945) It has been found as a Iniinan parasite more than 
nine times (Ilrumpt). 

Morphology, Biology and Life Cycle.— The worm is reddish in color, 
(w lindrical in shape, sliglitly attenuate*! at both ends, and measures 14 to 
2(1 em in length by 4 to G mm. in diameter for male specimens (Fig. 2U3 -1) 
.ind 20 to 100 cm. in length by H tu 12 iiiid. in diameter for females. Along 
the lateral line of each side there is a series of punctate papilfas The 
liexagoiml mouth (Fig 20.3 B) i3pro\)ded with two scries of well-developed, 
nodular papilla, six in each series, two pairs of which correspond with the 
tommencenient of the two Lateral “lines.” Surrounding the caudal 
(‘\tremity of the male w'orin is a bursal cup (Fig. 203 C), the margin of 
which, as well as the inner depth, is proWded with very minute papilla 
The cloacal opening is near the center of tlie bursal pocket The single 
setiform. copuiatory spicule measures 5 to 6 inm. in length. The ^ ulva of 
the female is situ.atcd 5 to 7 cm from the anterior end of the worm. 

The eggs (Fig. 203 D, E) are ellipsoidal, brownish-yellow in color, and 
have .a thick shell with sculptured depressions on all parts of the surface 
except the poles. They measure 64 to G8 in length by 40 to 44 in 
transverse diameter. According to the observations of Balbiani (1870) 
tlie eggs begin to segment at the time of o\i|HisitiQn. Complete devcloj)- 
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mwit of thelurva inoi'o rctiuircs six nionths or kss, depe«(Jmgon the season. 
'i’Jie are extremely resiatant to external conditions and may remain 
viable for five years or more. \ 

Tije first stage larva is fusiform, measuring about 240 by 14 m- In the 
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anterior part of its esophagus there is a three-tcMithed onchiuin The life 
cycle lacks complete elucidation. Ciurea (1921), following Leuckart’s clue, 
has been able to infect one of a Jitter of four puppies by feeding raw fish 
{Idus idns) containing encysted mature larvae. Wooclhead (1945) has 
found experimentally that after six inontlis’ incubation the larMe within 
the eggs are infective for branchiobdelHd annelids which are semi-parasitic 
on craj fishes. On ingestion by the.se worms the eggs hatch and in about 
ten minutes penetrate into the bwly ca\ity of the worms. About ten days 
are required for the larvae to metamorphose into second-stage, gordius-Iike 
Iar\ When the bronchiobdellids are eaten by the Xorthern black bull- 
head iAmeiitrus uielas l.ir\ a; evcyst, migrate to the mesenteries of 

the fisli and rc-encyst Like goitliid worms in crickets, the larva; now 


' ' • r becomes infected. Woodhead 

n egg to adult requires two jears. 

. . . -Man and other mammals acquire 

infection from consuming infected fresh-water fish, raw or madequately 
cooked, containing the infective (third) larval stage of the worm. 

Pathogenesis, Pathology and Sjrmptomatology.— The adult worms live in 
the pelvis of the kidney or in the J>od.v cavity. One or more worms may be 
present at one time, the largest number rccor<le(l being eight from the 
kidney of a wolf In the Uilney they little by little consume the renal 
parencliyma (Fig. 2(K{ F). finally leaving only the enveloping tunica. The 
urine in these ca&es contains blood and pus. Renal colic and otlier direct 
symptoms result during tiic early stages, while In late case.s disfunction of 
the infected organ is complete. In infectevl dogs several types of nervous 
disorders have been ascribed to the presence* of the worms, including r.ihid 
\vmptoins The worms may attempt to escape down the ureter and pro- 
duce acute uremic poisoning or may suocecil in t'seaping from the urethra- 
Tlie Brazilian case, the tenth hum.iii c,asc* to l>e reported, was a fift.v-four- 
V ear-old white resident of ^r.aranh.lo Province. She li.id a history of 
pruritus vulvse. One <lay during micturition the urethra became tempo- 
rarily occluded- Following straining a large nmndworni was passed, 
terminating the pruritus. The worm pnivcd to be a mature male D. renalc 
(Lisboa, 1945). All of the authenticated human e.vscs hav e had renal infec- 
tions, but the worm h .15 bcHu* rec'overed from the abdomm.'il and thoracic 
cMv itic-s .ind from the liv er of dogs. 

Diagnosis. — In renal infections, where a female worm is present, the 
discovery of the typical eggs in centrifugalized or sediinentcii urine is 
cliagiiustic 

Prognosis. — L’sually very gr.i\e. 

Therapeusis.— The only known method of reinuvnig the worm is by 
()]>eration, although it nu.v be p-isM-il spontaneouslv per iirctliraiii 

Control. —Tiiorougli cooking of fresli-waterfisli, if the latter is the normal 
iiiterimdute Jiost, will removr the possibility of individual dangiT. 
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Subclass Phasmidia Chitwood and Chitwood, 1933 
ORDER RHABDITIDA CHITWOOD, 1933 

iilLs order contains great sissemblngcs of freedivingand parasitic ipecie^. 
^unong them are some of the most imjwrtant helminth parasites of man. 
Tiiey are all eharaett : . 

a triradiate lumen. 

ill four suborders, each having one or more superfainilies, which, in turn, are 
represented by one or more himihes. These families with their respective 
species wif/ be taken up tKiseriaU'm according to the classification presented 
in rjinpter XXIII (pp. 

Suborder Rhabditina (Chitwood, 1933) Fearse, 1936 
Sui*EUF.\.MILY ItllAUmTOIDEA TlUVVbSOS, 1920 
(Stiionoyloides and Related Fojims) 

From a structural viewpoint the members of this group are relatively 
simple forms. Biologloally many of them are on the borderline between a 
frce*liviiig and a parasitic comiition. For some, the mode of existence is 
facultative; for others, environmental factors appear to be the determining 
element as to wlietlier the worm at any particular time is free-living or 
parasitic The species recorded from man are grouped under the families 
Rhabditidm and Strongjloididce. 

Family li/fAIiniTI DJi Jhcom-y, 102^ 

This family contains species which previous authors have usuall,} placed 
under the Rhabdiasid®, AnguiJlulid® or An^iostomatad®. IMore recent s u les 
.1 r rhararters of the present 


bulbar swelling. The species which nave uwu ^nnmroie. 

to the genera Wiabdiih and Tmbatnx. All species are nurmaUj saprozo 


Genus Kiiabditis Dujardin, 1845 
(genus from pa^ox, a small rod) 

Rhabditis pellio (ScJmeider, 1866) Buetschli, 1873. 

- . .u..}nmvrronalaGTnhe,lSi9j 
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thickeninK. The esophagus is slightly swollen anteriorly and enlarges posteriorly 
into a bulbus pro\ided with teeth. 

The male measures 0 99 to 1 81 mm. in length. The caudal extremity is piovided 
with 
spicul 

cauda . _ . . . n 



A 


Fic 1304 —Rhabdilii jKitu), ^4, anterior «ndoI nona. ftbowing bucral ra\ity and esophagus, 
iJ, Ix>9tcrior end of male, fehon-ing hpieulcf. burs-iaod bur^ rajs X ca 3S0 (.Vftcr Ocrley.) 

that the lar%a! finally appear to he in a spindle-shaped sac consulting of the intact 
cuticle of the jiarcnt worm. Together with functional males and one-6e\cd female.':, 
Johii'on (1913) found hermaphroditic females in fluctuating numbers. Tlio com- 
plete life cycle of this worm has not jet been elucidated. 

Scheiber (1880) found UicsewormsinthcurmeofafemaleiiaticntsufTcringfrom 
pjclonephntis, pneumonia and acute intestinal catarrh The urine was acid and 
contained albumin, jius and blood The adult worms were situated in the vagina 
and the lar%a3 were evacuated with the unne The worms rejwrtcd by Boginsky 
(1887) and by I’eiper and Westphal (1888) from patient with similar histories 
probably belong to this species Aulwtot (1923) lias shown that R. jkIIw may jiass 
unuijuH’d through the alimentary tract of the fly Drosophila. Ocrley (1886) has 
found tluat the w onn w ill live in the i agma of a mouse. The fact that the Hungarian 
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THE PHASMID NEMATODE PARASITES OF MAN 

Subclass Phasmidia Chitwood and Chitwood, 1933 
ORDER RHABDITIDA CHITWOOD, 1933 
^ Inis ordor contains great assemblages of free-livine and iwrnsitic 


in loursuhoriJers, each liaviiiK one or inoresuperfamiliei, ulu’cli, in turn, are 
roprchenteil hy one or more hunilie.s. TJiese families with tlieir respecti\e 
s}>eeics svill he taken np (uf seriatim acconjing to the classification presented 
in ('liuptcr XXIII (pp. .'I53-3,)5). 


Suborder Rbabditina (Chitwood, 1933) Paarse, 1936 
Sfi*i:nK\\tiu ]liiAHDiToii>K\ Tn.\VA>?.so>, 1920 
(STI{ON<nU)II)K.S \.N'D JIeL.\TEI> ]A)n.Mh) 


From u structural viewjioint the members of this group are relatively 
simi)lc forms Hiologically many of them are on tJie borderline between d 
free-living and a parasitic condition. For some, tlie mode of existence is 
facultative , for others, environmental factors appear to be the detennining 
clement as to whether the worm at any particular time is free-living or 
parasitic. The species reconicd from man are gn)uj)e(i under the families 
Rhabditidte and Strongyloididae. 


Familt/ HnAHDiri D.F Mieoktzky, 1032 

This family contains species which previous authors ha\e usually placol 
under the Rhabdiasidie, AnguiUulidae or Angiostomatid®. More recent stu tes 
have served to demonstrate the fumlamental characters of the presen 
family grouping, consisting of a sliort prismatic or tubular buccal ca\i ). 
and an esopliagus liaving a medium bulbar swelling and a posterior ' a | a 
bulbar swelling. The sj)ecies which luive been recorded froni man )e 
to the genera Wiabditis and TnrbatrU. All species are normally saprozoic. 

Genus Riuwditis Pujaiidin, 1845 


(genus from />d/36or, a small rod) 

Rhabditis pellio (Schneider, IS66) Buetschli, 1S73. 

Synonyms.— Pc?o(/cra pellio Schneider, 1806; AngxulMa ^gcJicibcr, 

Angiosloma limacis Dujard.n, 1^5of Lieberkuhn. 1858; UkabdiUs gemlalis.ci 
,<jCD r -../...j-..., --n.,. t^i'c'iWTnrA \cxV\ 
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worms; as an adult it lives normally in decomposing organic matter in the soil 
(Roffrcdi) The adult A\orma have a smooth cuticle Their oral ends (Fie 204 ^1) 


y 

Tlic male measures 0 99 to 1 81 mm. m length. The caudal evtrenntv is nrovided 


iiiu mcuner so 




A 

Flo 20^ — piUto; A, anterior end of vtoron. >Jtoiring buccal cai ity and e-ophagius, 
£, po&tcnor end of male, fehoaiitR spicules, bun^aand bursal raya X ca 150 (After Ocrlcy.) 

ct 

,, . 11 - 

plete hfc cycle of this %\ oriu has not yet been elucidated 
Schcibcr (1S80) found the^enormsin the unneof afemalciiaticntRulTcrinK from 
pjclmiephntvs, 
contained albun 

and the larva* v , 

(1887) and by I’cijicr and WcNtplial (1888) from |>atients with similar histones 

. sliovin that R. pcllxo may pass 
"irosophila. Ocrlcy (1880) has 
... The fact that the Iluugariua 


peaMnts use »U to make poultices would afford an 0])j>orluuity lor the norms lo 
reach the vagmaj of Avomen u&mg such an application. 


Rhabditis niellyi (IJlanchard, 1885). 


The des 
Nieliy anc ' 

vicinity ol 

the skm resembling "craw-craw” of West Africa, In each papule tJiere were found 
one or more larvai. These larv® measured 0 33 mm. in length by 13 ^ in diameter, 
\Yere attenuate anteriorly and posteriorly, and had fine transverse striations on the 
cuticle. The mouth opened into a short pharynx, which was succeeded by an 
esojihagua having two bulbs, of which the iiosterior was provided with tcctJi. The 
anal openiiig was situated a short distance from the jiosterior end. 

The origin of these larvm and the method by which tliey gained entrance to the 
skm is obscure. It seems most probable, however, that they are facultatnely 
sjprozoic or {}arasitic, that they gamed entrance through the skin, and hke Gnalhfh 
sloma in creeping dis,ease m man, were unable to reach a location where they could 
proceed with their development. 


Rhabditis homiius Kobayashi, 1914. 

Synonyms.— lihabdiUs /scabs Watanabe, 1922. 

Historical, Geographical and Biological Data.— 'This species o! riMbdiritl 
tvorin was described and named by KobayusJii (1914) from fresh fecal 
specimens of Japanese school children. It has more recently been reported 
from the Southern United States by Sandground (1925) wJio has studied it 
in considerable detail. Possibly the worm obtained by Prese (1907) by 
lavage of the human stomach is also the same species. It seems likely that 
this nematode is more widely distributed than the records indicate and 
that it is confused witli the fret**Jiving stages of SUongyloldes sicrcorahs. 
(See Table 2.) . • i 

The adult worm (Fig. 205J) is cylindrical in shape with anterior am 
posterior attenuations, and iwssesses a find transverse stn'ation of le 
cuticula. Tlie buccal opening is provided with four labia; the caiit.i ( v) 
is cylindrical and measures 20 to 40 n in length. The 
length of 0.1" to 0.2 mm. and consists of four parts (I'lg. -Oo h 
elongate muscular tube, followed by an anterior bulbus, 
tubular portion, and finally a posterior cardiac bulbus. the 
originates at the posterior end of the esophagus and 
subcaudal region of the body where it narrows and joins the shor 
The latter opens through the anal pore in the feniaJe and in o i 
in the male. ... „ j:,,„«ter. 

TJie male measures 0.9 to 1.2 mm. in length by 30 to a m • 

The caudal alee are rather narrow bands surrounding the coac- 
(Fig. 205 C). Each lialf is supported by six short ribs ( Pb 
spicules (s) are equal; each has a knofa-Iike head and a sharp po J • 
gubernaculuin (g) is situatetl mesad just within the eJoae.i. - 
position some little distanee aritenor to the ehueal ojierin.g arc 
spicnous anterior and posterior papilla 
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The female niea-^iires 1.5 to 2.0 mm. in length by 0 12 mm in diameter. 
The pobterior end of the body ib drawn out into a *>harp jwint. The viih a 
is located in the middle of the body. The uteri are divergent. In young 
specimens each uterus is filled with 10 to .50 eggs, winch .ire ellipsoidal in 
shape and measure 44 by 28 /i, but the older wnrins are filled with rhabditi- 
form larste which have already hatchcvl. Tlve vouuKc&t larv.e which 



Fla 205 — Khabdilu hointriu A, Mature female worm. X 100 B, .Vnterior lad of adult 
vtorm, X 400 C, Poaerior end nf male MtoniUK epieuleit (a). Kuliernaculutn (0) and bursa 
bursal ra>s (i>p). X 400 D, Uliahditiform larta. X -100 (Vfter Kaiiderouad, Journal of 
ParasitoloKj' ) 


escape from the mother worm (Fig. 2t)5 D) measure 240 to .300 n in length 
hy 13 n in diameter and resemble the parent in sliapc and btructure of the 
Cbophagus genital primoriliiim (jfc) is found on the dorsal bide in the 

middle of the bodv. These larv« are capable of tlev eloping into adult 
worms in a v ariety of fecal or piitref-urtive nKsb.!. In fa<t, ev ideiue pointb 
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Tahle. 2 — DlrrmENTliL Ciiakactebe op RijABDiTib Hojiisis asd 
tREE-LIVlNO Phases of STRONnYLOIOE’, StERCORALI', 


THE 


Rhabdth% homtnn 

Male. 

Dimensions. 0 9 to 1.3 mm. long; 0 03 
to 0 05 mm. broad 

Buccal cavity: 20 ^ long. 

Bursa eopufatrix’ present, although 
often inconspicuous. 

Female 

Dimensions: J.4 to 2 mm. Jong; 0 12 
mm broad. 

Buccal cavity same as m male 

Reproduction; ovoviviparous. 

Eggs- 24 to 44 II by 32 to 28 m; often 
arranged in a double row in each 
uterus; 20 to SO in number. 

Larva (young rhabditiforro). 

Dimensions- 0 24 to 0.3 mm. long; 0 12 
to 0 03 mm. broad. 

Buccal cavity. 15 to 19 m long 

Genital primordium: 22 to 24 m long. 

This krva always develops into a 
rhabditiform sexual adult. 


Slrmgylojdes slercoiahi 

Male. 

Djmen.sions.- 0 7 to 0 0 mm lung; 035 
to 0 04 mm. broad. 

Buccal cavity. 13 long. 

Bursa copulatrix: ab^eat 

Female 

Dimensions; 1 to 12 mm. long; 005 
mm. broad 


0 016 mm broad. 

Buccal cavity: 8 to 10 m long. 
Genital pnmordmm. 34 to 36 long 
TJ 


to the belief that tlie species is nonnallv free-living; anti gains entr>’ entirely 
by accident to the digestive tract of man, where it may remain for a time 
but where it never becomes a true resident. Contributory to this point of 
view is the fa''* **'•>* harhorinr the worms are not afiected m the 

least by their 
medication. 

that the geographical distribution of the infection is probably simiwi w 
that of Sirongyloidea stercorahs, and that the larva* of these 
be readily confused The differential diagnosis of the two species (lable-J 
is adapted from Sandground (1925). • i j . n 

Other species of Rhabdttis reported from human feces include. • 
donba^a and R. schactieVa, bj' Skrjabin, Schulz, Sserbinoff and bmirno , 
1929, and R. gracilis, by Schingarewa, Demidowa and Ivuunawzew, - - 
There is no evidence that any of these species are genuine ’ 

although Chitwood (1932) has shown that under favorable mnditl 
Rkabditis strongyloxdes, and possibly other members of the gro p. 
establish themselves in cutaneous ulcers of dogs, as those p 
bacteria, fungi and mange mites. 

Genit.s Tukb.\trix Peters, 1927 ^ ^ 

(genus 

origin Ua — o - 

Doctor T. Goodey, 1941. . 

Turbatrix aceti (Muller, 1783) Peters. 193/. (The vinegar e l 

Syacnyms.— Fi&r/a aceti Muller, 1783; liS3) 

17S6; Oordius aceh (Muller. 1783) Oken, 1815; HtaMd.s ace,, t 

Dujardin, 1945 u h ,a, frpauently present in \anous 

This w’orm is the common “vinegar eel, which is ireq ^ cylindrical i" 

types of fermenting liquids containing acetic acid. . and posjcsscs a 

shape, with a slight anterior and considerablB posterior tapering, 



fiTIi02iGYL0IDES ET AL. 391 

non-striatecl tran'iparent cuticula The male measures 1 to 2 mm. in length by 24 
to 40 ti m diameter, has t\\ o equal spicules 38 m long, the shafts of which arc more or 
less completely closed tube.^, and m addition, a keel-.sliaped gubernaculum It aKo 
iias two pairs of prcanal, one pair of adanat and one jiair of po^fanal papiIIiE (all 
ventral), as well as one pair of po.stanal dorsal papillar, but it lacks a bursa or alaj. 
The female measures 2 4 mm. in lengtli by 40 to 72 n in diameter, and is viviparous, 
gi% ing birth to rhabditiform larva: measuring 222 long and 12 n m diameter. 
Development is direct. 

Human cases harboring this worm have, with one exception, all been nomen, in 


male, m wliose samiile of alkaline unne specimens of the worm were growing abun- 
dantly. The worms were at first confused with Slrongylotdes htcrcoralis, but later 
definitely identified as the vinegar “cel ” In the sample of unne examined it was 
not possible to exclude the possibility of external contamination. No significant 
clinical symptoms hax’e been reported. 

Family S TIIONGYLOWIIFF Chitiwod and McIntosh, 1934 

This family was erected for those species with a typical rhabditoid free- 
living de\ elopment, but also having a parasitic phase in w Inch the females 
are “filariform” in type, adapted to tissue invasion The single species 
parasitising man belongs to the 

Gem’s SrnoN-rti loides Gntsst, 1879 
(genus from ffrpoY'rvXot, round, and tUos, similar) 
Strongyloides stercoralia (Bavay, 1870) Stiles and Hassall, 1902. 

(The human threadworm, causing strongyloidiasis or stroiigjloldosis.) 

Sjaonjma.—Anguiltula skrcoralts <t A intestinalis Bavay, 1877, Strongyloides 
inteslinalis (Baxay, 1877) Grassi, 1879, Leptodera intesiinahs Cobbold, 1879; 
Pseudorhabditis xntestinalis Perroncito, 1^1; Rhabdonetna strongyloides Lcuckart, 
1883, Rkabdoncma inUsUnale Blancliard, 188G 
Historical Data.— In 187G Normaiid discovered m the feces of French soldiers, 
who liad returned from Cochin China suffering from diarrhea, a large number of 
minute nematodes, which Bavay dc-cribed the next year as Anguillula slcrcorafis 
Fixe of the patients died as a consequence of the diarrhea and, at postmortem, 
Nonnand rccox cred numerous other nematodes from their small bow el, biliary and 


the same specie-, which was hetcn^cnetic in its dcxclopment. Askanazy (1900) 
found that the jiara-itic females hx'c in the wall rather than in the lumen of the 
intestine, and provided an excellent description of tlie tissue damage produced by 


para-itic females bad been found In 1932 Kreis di-coxcrcd and described the 
(lara-itic males, which ob-cr»afjon Fau-t (1933) wnfiniied Fulleborn (I9J4) 
dcmoii'tratod that adolescent female Worms at times entcreil, matured in, and 
produced progeny m the rc-piraUny epithelium Tins was confinned by Fau-t 
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(I'jp, lo:!.-,), ttl», aW. traccl tlie alaBC-hy-staKC >iavcloi>mciit of I, oil, fm,»Io ,nj 


mniiod ol lolonial rcmfoolion ihyprrwSedwn), i„ mIiIcI, mfcclivc-slaKo larva- 

Ili-voloia-rl m III,- ho.K-l ami ik-ih-IriM milco-a, ao tl.at II, ry rvarliwl 

till- luilB-. tliroOBli llic iKirtal or accca»i.ry |iorlal vwiolls circulation, an, I l,y II, a 
internal route were in a jiovilion Ut jHocoed with their ^ub^cqnont migration to the 
l)<)\\cl. .Samlground (102(>. 1928) contnlmted iniimrtant biological data on the 
(levclopmciit of StmigyhuUa, wliile Bcacl! (lOibi) \\a>, able U) culthate fre\eral 
Micce.s>i\ c free-living gcnerationH of monkey Slrongyhides and Graham (1930) suc- 
ceeded in infecting rats after inoculating them each uitb a Mngle iiifectbo-stage 
larva. 


America hut is lelatively uncommon in China and French Iiido-China (Galliard, 
19.39). Generally, strongj’loidiasis i.s coextensive with Immaii hookworm infection, 
hut there arcdifTerences ni di^trihution which have not been satisfactorily explained 
In northeastern llrazil MatCreaiyand Hrickcr (1947) have discovered 12 8 per cent 
incidence in stools of l.'JU pciMins. Infection rate.s as high as 20 per cent have been 
reported from Panamil (l)arhng, 1911; Faust, 1931)), while tlic incidence among 105 
patients in the Santa Casa <la Slisc^ncordia, Hio de Janeiro is recorded as 24.8 per 
cent {I,/)pes Pontes, 1940). I o|)cz-Cliivcz (1940) rciKirts 2 per cent infection in 
Cuba, and Rodriguez (1944), 1 94 jwr cent In Ecuador. In the United States there 
arc records of autochth(mou.s cases from IvOuUiana, eastern Tenncf'sce, Cincinnati 
(Ohio), Kansas C'lty (Mts>ouri), wc.stcrn Pennsylvania, Xcw York City and 
Roche^tcr, X Y Yet Palmer (1944), in rcjiorting a third ca>c from Rochester, 
X V , comments on the (laiicity of information on the incidence and distribution of 
stroiigyloidiuhis in the country. In 19.33 C.a<lman found this infection in a native of 
Canada who had always rouksl thcie. Stoll’s estimate (1947) of world infections 
.34 9 million.s distnlmted as follows. 21.0 millions m Asia; 0.9, V. S. S. R.; 06, 
Europe, 3 3, Africa; SO, tropical America; 0 4, Xorth America; and 0.1, Pacific 

islands. Very few l).a.sic Mirvcys have Ixsm made in cndcmie arca.s 

StroiigyloidcafulUhonii von I.mstow. 190.».arelati\clv common intestinal parasi e 

of the cliimpanzec and African I 
ducocxiicnmental infection m n 
Faust and Kagj’, 1933, Toimta, 


and Sanders (1948) liave rc|)ortcu ... . . 

quired piosiimably as a lesnlt of .iccidcntal contamination from the 1 *' 'P* 
macaque, Macaca irus on P I Eggs rather than rliabditoid , 

l)as.'cd III this patient’s stools It m.ay lie pouted out, however, that in wo 
tions resulting from penetration of filariform larv.e of Slrongyloides cu “ . , 
clnmpanzcc’s feces (Faust and Kagj', 1933; Brannon and Faust, lOiJ) on X 
told larva; apiJcarcd m the fresh seint-fonned human stools, althoug fefe 
evacuated in the fcccs of the chimpanzee hosts. 

The Parasitic Generation. —The view firs,t proposed b\’ pjTy, 

that the p.aniiitic phase of SiroiigyloulM sfercoruhs /jggg) 

tandrous hermaphrodite was later abandoned for Roveili s . 
that the female of the parasitic gen*'*^**®” ““Sc females are 
by Sandground (1926) inclined to the belief th.it Para 
syngonjc, while the discovery of '^e'tcd the likelihood 

successive stages of immature malra (1 aust, 1933) sugg s j^testmal 

that adolescent females may be fertilized before in . g 
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(or respiratory) epithelium. On the other hand, Graham’s work (1931)) 
indicates th.it in 6'. rath parthenogenesis occurs in the parasitic phase of 
the life cj cle of this species, and it seems probable tliat it m.ay occur in the 


The parasitic female (Fig. 20G .1) is a colorless, nearly transparent, fili- 
form object, measuring about 2.2 mm. in length and ^!l^.^^ng from 30 to 
75 fi in trans\erse diameter. Its integument has \ery ilelicate striatioiis 
The nearly cylindrical esophagus extends through the anterior third or 
two-fifths of the body. The posterior end of the body is pointed Tlie an.il 
opening is \cntral in position, a short distance in front of the caudal 
extremity. The vulva opens \entrad at the junction of the middle and 
posterior thirds of the body The ovaries, oviducts and uteri number two 
each, one set being disposed anteriad and one posteriad. The females bore 
ileeply uito the mucous membraue of the intestinal vilH anti not iufre- 
(piently into the epithelium of Lieberkuhn's glands ami stroma between 
tliesc glands, where they secure nourishment and later oviposit. 

The eggs, w hich are thm-shelled, transparent, ovoidal objects, me.vsurmg 
.30 to 58 (i in length by 30 to 3-1 m in transverse diameter, complete their 
rlevclopment and typically hatch within the intestinal epithelium, wliere- 
upon the enclosed organisms escape into the intestinal lumen and aie 
passed in the feces us the so-called “rhabditiform” larMs Only in case of 
severe diarrhea or after strong purgation are the eggs of this species re- 
covered from the feces. The larvie, when first hatched (Fig. 207 A), 
measure 200 to 250 M in length by 16 /tin breadth, but they may grow to two 
or three times this size by the time they are evacuated in tlie feces. Mean- 
w bile, according to Looss, one moult takes place The larvu; are rhabditoul, 
with an elongate esophageal bulbus and a pyriform posterior bulbus, but 
without the inedmn ’ . 

true rhabditiform). , 

of the body and the „ . . . 

just in front of the posterior third of the body. The lame arc e.\tremely 
activ e, but may be so sparse that they cannot be detected in unconcentrated 
fecal preparations. They differ from rhabditoid hookworm larva? m being 
slightly less attenuate posteriorJy and in ha.vUig a much shorter bitcc.d 
\estibulc 

The development of these larvie, once they have escaped from the liumaii 
l)ody, may be either “indirect” or “direct,” apparently depending on the 
physical and nutritive characters in the milieu on which they are deposited. 
Under optimum conditions Beach (1936), working with monkey strains of 
Strongyhiiles, was able to produce only’ free-living males and females; when 
conditions were less Uavorable, he obtained infective-stage (filariform) 
larva; 

“Indirect" and “Direct" Development.— In case of “indirect” (i. e., 
heterogenetic) development, the rhabditoid larva? moult and within 
twenty-four to thirty hours are completely developed into sexually mature 
males and females (the free-living unisexual adults). Tiiesc worms (Fig. 
200, U, C) arc essentially dilfercnt in size, shape and internal organization 
from the p.irasitie feimile. 
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The male ineabures about 0.7 mm. in length by 40 to 50 m in diameter and 
tlie female 1 mm. in length by 50 to 75 ^ iw diameter. Both &exes have an 
esophagus similar to tliat of the rhabditoid larva. The male is devoid of 
caudal aim but has two spicules with an accessory gubernaculum (Fig. 
20G E). The females have a pair of divergent uteri and require fertilization 
in order to produce viable eggs (Beach, 1930). The thin-shelled, trans- 
parent eggs measure 70 by 40 ft. In old females of the free-living generation 




sTiioxcu.iiiuhs i:r al 


the ejiKi i^iiy hatch in iiieru. The ilialMlitoid Ian a which escapes from the 
egg-shell is distinguished only with difficulty from that developed hy the 
parasitic female After three or four days these rhabditoid larva* moult 
and iisuallv metamorphose into elongate filariform Iar\ie, whicli are the 
infective stage for the liost. 

In the case of “direct” (t. e., holo- 
genetic) dc%elopment the rhabditoid I: |£y 

larv® e\acuatcd in the feces moult and It 

become transformed directly into filari- I / 1 : 

form Iar\iK, \Yithout the intercalation I It ' 

of the free-livinr' ceneration The in- |Ui ( t 3 


the same stage of hookworm larvie, but 
are ordinarily somewhat smaller and 
always have a minute notch at the 

caudal tip, a character lacking in the : „ 

hookworm Uvrvse. 

The filariform larva?, developed either ^ '|J 

directly as the progeny of the parasitic fm 
generation, or us the progeny of the free- 
living generation, usually enter the 
mammalian body na the skin. i)ene- 
trate through the dermal tissues into 
the venous circulation, thence through 

the right side of the heart into the lungs, wmn ^ 

brc.aking out from the pulmonary capil- jMJj .. . . 

laries into the alveoli and, after ascend- JP/m f 

mg the respiratory tree to the epiglottis ppjp/ I vM 
are swallowed and descend to the in- n 

testiiial tract. On arrhal m the small ////fy ■I 

bowel, usually .it the levels of the ImJ/ ” Ij 

duodenum and jejunum, the females iMlj ' *1 

burrow into the imieosa and grow into Mil '// 

‘atlult worms. n 

The adolescent male worms, on arri- ’/ 

\al in the duoilemiin or jejunum, are ^ I// 

apparently incapable of burrowing into 1 l-i 

the mucM, but dcM-Iop into adults in 207 .urarol,. 

tile lumen of tiic intestine. Jhey may a. rhabditoid laria. x 3io, fiian- 
become superficially attached totbemu- x iso, c. w, anterior and 

cosu but arc t-aaily dialodRed and 

few months Iia\e been ev.icuated, ITius onKuial) Compare a i\itli l m 32i 
they play no role m the pathology of tlie 
intestinal infection 

Mature lil.iriform larNte of the genus Slrong^fuidrs, like those of Aiicj/lu- 
.ilnnid, may occasionally he ingested as a coiitaininution. ami. on being 
swallowed, may burrow into the intestinal mucxisa and grow directly into 
mature imli\ iiluals. Se\enteen days or more are required from tlic time 



,,,,, 

^inform l.irv,e (Inillcl>„r„, Kisliigori Ia/’" )" '■ .n?"”"" inl.i 

of penetrating the intebtinai muttisa or tfiA t ^ capable 

THr wu.. ^ 

HE WHOLE LIFE CYCLE OF STRONGYLOIDES 


PARASITIC f^ASCS 



rtfj 20S — Diagi animaf 1 C i epi csontation of the eial pfui%c 8 m (he Iifo cycJe of SlroRau'ouin 
(Aftoi Faust, Jlcv. dc ParasifoJ , Havana ) 


further development on the ground. By T^ay of the visceral venous blood 
(from the intestinal mucosa) or tlie cutaneous venules (from perianal or 
perineal skin) they reach the lungs, then break out into the respira or,) 
passages and proceed to the intestinal tract just as in persons e.vpo'«l iro 
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the boil. Fulleborn (1920) atrcbsed the importance of thoroughly cleansing 
the anal region, particularly after defecation, in order tj) reduce anal and 
perianal invasion, ^\hile Nishigori (1928), Fau^t (1933-1930), Xolasco 
(1936) and Heinert (1947) ha\e prondetl experimental and liosimortem 
evidence in support of internal autoinfection {hyitcrinfediun), as a result of 
larv.-e migrating to tjie lungs vm the intestinal hanphatics or % enous system. 
Autoinfection logically explains persistent stroiigj foidiasis in patients who 
have long since ino\ed from endemic foci- 

Occasionally, when the patient’s resistance is very low, there may he 
massive invasion of rhabditoid or filariform lar^'a; through the intestinal 
wall, v.ith a fatal culmination (Ophuls, 1929; Torres and Penna de Azes edo, 
1938; Faust and De Groat, 1940, Hartz, 1940, Heinert, 1947) 

The life cvcle of SfroH5a/fojV/M*/em>ra/w is epitomized di.igrammaticallv 
in Fig. 208. 

The Hosts of S. Stercoralis aod Related Species.— Man is probably the 
optimum host of Sirongyhides aterntraiis. altliniifdi the norm wliirh 
monly parasitizes the chimj 
indistinguishable from the 
intlistinguishahle from this 
Japan, India and the Southe 

implanted in this host for several months but eventually <lies out. Cats 
and apes hate been infected with the worm but it appears to be a \ery 
transient parasite m these latter hosts Closely related species occur in the 
following natural hosts. Cchus hyiM>kucua (Slrongyhiilcs cebua Darling, 
1911). Anikrniwptf/icciis troghdylfa and Cynwepfialus bubiiin {S.fiillcborni 


Uansom, 1911), slieep, goats, rabbits, rats, pigs, etc. (S papdlosva [WedI, 
1856) Ransom, 1911), horses (5. trederi, Ilile, 1917), dogs (S.cnnia IJrumpt, 
1921), macaques (S auniai Lu and Ilocppli, 102.3), llydrodiarns Injdrochitrn 
(S. chapini, Sandground, 1925) ami Mus wonvjicw? (5. ratfi Sandgroimd, 
192o)- -Apparently none of these sinrcies is capable of liecoiniiig perma* 
nently established m tlie human intestinal tract 
Epidemiology.— In tlie direct mode of development Strimgyhides aUr- 
coraha is characteristically discharged in human feces as a rhabditoid lar\ a 
and, on contact with moist, shaded soil, metamorphoses into the filariform 
or infectiv e-stage larva. In general, as Blackie (1946) has found in Xortli- 
ern Rhodesia, strongs loidiasis tends to parallel iuHikuonn infection both 
ssith respect to incidence and to gcHigrapliical distribution; jet tliere are 
.ireas, as in Central and Sutitb China where hcMikworm di-'Case is \er\ 
important but strongjloidiasis is relatively scant, while strongvioidi.isis 
at times develops to hyjierendeinic pro|K)rtioiis m mental institutions 
where hookworm infection is rekilnely uniiniiortaiit. In the indirect mode 
of development, following dejjositioii of rhabditoid progeny of the pa^a^itlc• 
generation, at least one free-living generation, and potentially an indefinite 
number, dcveloi) on tlie soil before iiifecthc'-stagc larva* are developed. 
Thus, vv lierev er coiulitions in the soil arc favorable for palirec t dev elopineiit . 
.IS tliey frcqueiitlv .ire in moist, warm climates, there* is jioteiitiallv a much 
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peater “seeding’; of the soil with infective-stage filariform Jan^a: ((. r., at 
least one multiplicative stage) than there is in regions where only direct 
development takes place. Yet this is not the wiiole explanation- there 
probabJ.v ijre otiier, as yet )nadequatc}y elucidated factori> which may he 
responsible for direct or indirect trends in the development of the oi^n- 
isins. Possibly these may be associated with the host during the parasitic 
phase of the life cycle. 

Tile usual source of infection is contaminated soil and the usual portal of 
entry is the liuman skin, althougli invasion of the buccal mucosa is e'en 
simpler and more rapid for the invading larva*. A third mode of infection 
is autoinfection (i. e., the penetration of the intestinal mucosa [bjperinfec- 
tion] or the perianal skin by infective-stage hjrvm precocious!}- developed 
in an infected individual without contact with the soil). Autoinfection 
explains long maintained infections in patients who have resided for many 
years outside endemic foci. 

' ...... ^ of warm, moist climates. 


I 


period, (2) the acute atage, and (3) the chronic stage. 

1. The incubation period.— The infective, filariform larva, on entering 
the skin, produce a dermatitis of tlic same type us that arising from the 
invasion of hookworm larv®, including a p4iinful nettling at the sites of 
invasion, a local erythematous sw-elling, and pruritus of the area for severa 
davs •” «kin is imsklv rubbed. A few’ days later a mild to severe 

bron . • ’ • ' ’ exposure 

and V.... - ' . withanaccoffi- 

panying hacking cough and an elevation m temper.nu.c, due to 
small hemorrhages in the air sacs as the l.irv® breakout of the puJmon* . 

fnlfnwed bv cellular infiltration into tlie bronchioles, as weJi as 

of the larv® 


2. The acute stage.—Vpon amv.ai in luv uyy^. -- <• 

tine and in%-asion of the intestinal mucosa, the young norms, in 

catarrh.-il inflammation more or less severe, while voung 

migrating through the vdlli and glai inf. . : , 

Jarvffi in escaping from the mucosa, 
the glands, and frequently give rise 

Tht ' •' ’-"iniim are the levels of the tilth 

and n 

progeii.w..... 

wall of the stomach, the appendix and tne let...... „ecrop55 ‘■•'V 

has been found infected in experimental ulceration 

(1940), in Cura?ao, Dutch West Indies, found almost no 
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uitestiiKil the parasitic femaJes were embedded in the stroma of the 
mIH, and their eggs and larvae hi the mucosa of the crypts and the villi. 
Some larvje had penetrated through the muscularis mucosa: into the sub- 
mucosa, muscular coats and subserosa, especially via lymphatic vessels; 
they had pro\oked a severe, usually granulomatous reaction, with an 
abundance of enveloping histiocytes. 

In heavy infections, involving multiple small patches or extensive 
areas of the bowel, the worms and their larval progeny lioneycomb 
the mucosa and occasion considerable denudation. This at times 
results in a persistent, watery diarrhea, with rapid dehydration and 
emaciation, accompanied by complete exliaustion and death, unless appro- 
priate therapeusis is instituted. Jlore frequently diarrhea alternates with 



I'k, 200 — I’lioComicraerapli >{ioHine Ix>»i(ton ol (lio [larosilic female &frongylouict 
blcrcoralu, indicated by arrons, m the duodenal muco^ of an experimentally infected dog 
X 100 ( \ftcr I'aust, Anil I’ath ) 


constipation. The diarrheal state is .u.ceiituatc'd by dietary iniliseretiuns, 
especially In the use tjf hot ctmdiineiits. Iii many individuals harboring a 
considerable number of parasitic females there is little specific evidence of 
symptoms. Sooner or later, luntever, these patients usually’ develop a 
nervous svndnnne, consisting "nervous dyspepsia," marked restlessness. 


from the bowel wall to transform into iiifectnc-stage larva: before being 



loo 


rilASMlIl XKM.XTmtt; I'AIIASITHH of max 
Tt'iv I!'”- t« ri'infMtion bv the Ihi , 

mfct'lne) or penaiJiil muff fiipn*?--* , 


III jHiibtiiiii to htroiiKjloicliiuu of tiio iiitfstinaj tract tlic mfectioii ma;' 
become estalilislicd in other oigalis. Tiie most common of these is the 
^ As liioiitioiK'd above, iwlolescent fcniale worms at times invade the 
bronchial inucosa, mature ami tliscliafjfe tlwir eggs Into (he (issues. These 
Imtcli ami the rhabditohl larvie J>ceo«ic transformed m s/iu into filarifom 
larvje are voided in spiitinii. Ix'iptev (I9-4o) reported a case of ri^ht- 
si<le<l broiU'iiojnieumojfia, with a per cent cosinuphilia. There ttasno 
evidence of intestinal infectio;i hut adult worms were recovered from the 
'sputum. Moreover, WliitelmJI .-md I\/ilier (JOU) reported a inale patient 
aith eStrongyh»idiasi.s of die #'e«if<>'imuary tract, witlj a history of lotrer 
aialoininal iIisc*omf«rt after eatiiiy, jioc’turia, incont/fience ^^ith rcsp^t 
to urination and diurnal urgency. The feces A\cre negative but rootile 
^tronp}/h}t}(\9 Jarvie Mere recoveri'd from the urine. Cu/tiires produced 
free-living male.s ami femalo. 

('erebra! lesions in .'strongyloidiasis probably occur from time to time, due 
to p,js*.igo of lilarlfonu birvjc timiugb the pulmonary capillaries and their 
entry int(» (be systemic circulation. Yaiuagiichi (1^25) .and I’aust (I9'15) 
dcscrilnvl bemorrluigcs in the meniitgi's ami in the jierivascular tissues oi 
the brain, jiarticularly of the cvrvbejluni, in dogs e.\perimentall,v iiifWed 
nith buman strains of S. .?/crrorn/i>. 1-irva* were found free in the brain, 
in the arterioles and capillaries, (he ventricles and the choroid 
Ik'birc sucrilice three of tlic aniimds became tetanic, Mith i^pasticity o« ^ 
left e.vtreinitics and the right side of the face, while another had as.sndrome 
suggesting rallies. i . t .if 

Towards the end of (he incubation perual and during the early par 
the acute sstage there is charaeteristically a lenkocN tim of 25,000 or luo > 
witfi an ensinophilia of 23 to 3o jht cent (occasionally ns high as <o per 
or more). Later, .os tlie uifection becomes ebronie, there j j 

inodenite lymphocytosis with slight eosinophilia {ti to 8 per ceii ) a 
neutro]3hiiic pol> inorjihonnclear leukopenia. There is usu.aJJ' <m eos 
idiilic infiltration around the worms in the bowel wall. rpcoxen 

Diagnosis.— I'of intestinal strongyloidiasis this is misctJ on i _,,,oles 
of the typical rhabditoiil larvre (Fig, 207 *0 from the feces, or roi • 
obt.dned by vl«o<lem\l drainage (da Sijva, 1940). howei 

fused with the progeny of hwikworm infection, since in » , ‘uoumed 

the latter develop in oto to the rhabditoki stage only m 
cuustipation and rarely hatch in the uiievacuated feces.^ ^ ^ 


Aub, pp. .->02, oOJ ,;!)«) may im ra-quimi. 
wiltery (bnrrbt-a iiml in lulvanml cIiroiiK- lasto , 
nmy .it finm. be refovweil from thr feces- I» 
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or e\ en parasitic females may be recovered from the sputum and rarely the 
pleural exudate may contain them (Froes, 1930). In two instances they 
were found in urine (Fornara, 1923; ^Vhitehall and Jliller, 1944). If the 
feces are allowed to stand for thirty hours or more, the free-living generation 
may ha\e de\ eloped. 

Therapeusis.— While many therapeutics have been tried, only gentian 
violet has been found to be specific for the infection. In order to eradicate 
the intestinal infection it is necessary for the drug to stain (and thus kill) 
the female woi 928) first used 

gentian violet ' and found the 

drug helpful. _ . then clinically 

(Faust 1930, 1936) and found it to be lethal for the parasitic females in 
case it reached the worms in suflUcient concentration. It was also usually 
well tolerated by the patient. The theraj>eutlc course for oral administra- 
tion consists of 2 onc-half grain (0.03 Gm.) Scals-Ins l^-hour-coatcd 
tablets of gentian rwlet medicinal, taken three times daih’ before meals, for 
u period of sixteen days (total, 48 grains or 3.2 Gm. For children the daily 
dose is 0.01 Gm (J grain) per jear of apparent age. It is necessary to 
employ the medicinal rather than the biological gentian violet, since the 
latter is diluted with de.xtrin. Furthermore, it is essential to hai'e a 
coating which provides a maximum release of the drug at the level of the 
duodenum, where the greatest concentration of the parasitic worms occurs. 
One or two courses of treatmentare usually curative. Occasionally patients 
are either refractory to this method of treatment or are unable to take 
prolonged treatment. For these cases transduoJaial intubation of 25 cc , 
1 per cent solution, of gentian violet meillcinal Is recommended. The tube 
IS introduced under .a fiuoroscupe, the patient tlicn lies down and the 
solution is slowly Introiluced. The tube is left in place for an hour after 
intubation, then carefully withdrawn. K\cn if t)ic intubated solution is 
vomited, and this possibility should be anticipated, the dj e in solution lias 
u^ually penetrated the mucosa of (he duodenum and jejunum deeply 
enough to reach (and kill) thy mother worms. 

Intraxenoiis thcrajiy.’-ln case of Strongyloideainlooiion in the respiratory 
tract or elsewhere outside the intestinal tract, the oral administration of 
gentian violet is not satisfactory. With care a freshly filtered, one-half per 
cent solution of the drug may be administered intravenously, not m excess 
of 20 ce. each day e\ery other day for two weeks. The patient must be 
liosiiitaiized and kept under professional supervision following treatment. 

The oral ailriiinistnition of gentian violet medicinal is usually not 

iwits 
iting 
, the 
J the 

g.istric mucos.i but IS usually well tolerated by the intestinal mucosa. 
When introduced intravenously, a temporarily violet color.ition of the 
skin occurs and there may be some elevation of temperature. There may 
he a fcc'Iing of uneasiness on the part of the patient for an hour after this 
tR-atnient line to teiniiorary stimulation of the heart, hut if he is kept 
(jiiietly in lied there should he no serious sequclie. For intravenous u^c 
20 
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physicians arc cautirmcd ,m( to utilize a solution more coaccatrate-l .I.- 
one-halt per cent OP j»» ■ . ■ 

Prognosis. . , • ■ . ' 

good to fair , ■ ; . ■ ■ 

ovenvhelmii . ‘ 7. • 

the progi\osi ■ ij ’ 

Control. -Since infection is due originaliy to contact of the skin with soil 
pre\iousIy polluted hy uifcctwJ ]tiitn.in feces, sanitary disposal of human 
excreta constitutes the fund.'imofital preventive measure and care not to 
step harcfootcd on, or otherwise expose the skin to, infected soil constitutes 
(he Second precept. Persons altcatly infected should he given the benefit 
of specific therapy in order to forestali autoinfection, while the ana! K^’on 
should he kept clean and precautions must he taken to keep the bowel open 
to reduce the possibility of internal autoinfection. 

Sul'Kuv. ;d Cm-nvooD, 1937 

1031-1932) 

1922 

The luciubcrs of this family arc free-living saprozoites or parasites on 
plant tissues. ^ The pharynx in the adult worms is modified into a protmsile 
hjK'ar or oncliiuoi. Tiie presence of inemhera of tin’s family in the digestne 
tract of man is purely accidental. 


Genis TvLK.vciirs B.istj.o.', JSOJ 
(genus from tuXffw. to entwine, and Sykot, onchium or lancet) 

Tylenchus dipsaci (K’uehn, IS.)8) Gervais and van Beneden, 1S59 (the 
stem or bulb celworm). 

Synonyms.— Ty/rnrAw puirc/acicM Kuchn, 1670; AnguUtulina pwfrf/on’cn# 
(Kuchn, lS70) Braun, 1S95; Trichina conlorta Botkin, 18S3. . . 

This si)ccics U a common parasite of the bulb of onions. It been re<» 
Once by Botkin (1883) in the vomitus of a patient who had prenously had a m 
of onions. 

Ge.VITS IlCTEItOOEILV ScmiiDT, 1871 
(genus from trcpos.different, and itpTj, neck) 


Heterodera marioni (Cornu, IS79) Goodey, 1932. 



(Grcef, 

HcfCTodcTa ranicicom oi nuinora, mv. n. jwmvnww vv.-—--. - - 
species of Tnrhatrix (fide Goodey, personal communication, )- 

jiris incognita" Kofoid and White, 1919. _ ^ 


tliread-like in appearance with .an average length of 1. _ ■ ^ 

verse diameter of 30 ji. The anterior and posteno . ^ Anteriorly 

point. There are no alie. The cuticula is tra^vere J s ^.jopjjagus b 

there are il.v labia, tour of which have minute P“P ‘ ’ y^,,. a spheriral 
a cylindrical organ about 100 n long, terminating 5 jij^jifoortlis of the 
cardiac bulbus. The intestine lies in the post 
body, opening through the rectum mto the doac 
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The mature male worm is tj'pically rhabditold in shape. There are two 
testes, which coalesce posteriorly to form a single tubule ^ hich is continuous 
with the unpaired vas deferens. This canal opens into the cloaca just 
anterior to the rectal opening. There are two slightly curved copulatory 
spicules of equal length, measuring 34 to 39 fi, guarding the outer opening 
of the genital canal. 

The gravid female is pyriform, lemon-shaped or bottle-shaped, and 
ranges from O.G to 0.75 mm. in length by 0.4 to 0.5 mm. in diameter, being 
broadest in the posterior third. Both the onchium and esophagus are 
considerably smaller than in the male. The intestine is tremendously 
swollen to accommodate the large amount of food consumed. The two 
ovaries are concealed by the food mass, but the converging uteri can be 
made out by the eggs which they contain. The ^ulva^ opening is only 
slightly anterior to the cloacal pore. The eggs which are laid by the 
gravid female measure 82 to 120 ^ in length by 
24 to 43 11 in breadth, are elongated ovoidal with 
rounded ends and are either fiat or slightly con- 
cave on one side. At the time of oviposition 
segmentation is just commencing but the em- 
bryos soon develop by equal cleavage stages 
successively into morula, gastrula and motile 
larvK (Fig, 311, 1-4). Tlie larva on escaping 
from the egg-shell measures from 345 to 370 
11 in length. It is readily recognized as a 
joung t>lenchid. It may remain and develop in 
the same roots as its parents, but in case of de- 
cay of the host tissues it migrates into the soil, 
and whenever possible penetrates into a new 
root, where It begins to consume food ravenously. 

Upon reaching its full development (ca 400 n in 

tio, 2i0— Anterior end of 
UtlcTodera manoni, greatly 

the .. orm comes to possess differcnlWmgmolcor S'S .“'r'p."; 

female genital organs. It now' moults a second asitology). 
time aiul tramformb into an aduit wornt. 


i 2 a 

Fra. all — SljRM in tho malunns of ibe egg of //drrodtra manon\ X ca 400. (After 
Sandground, Journal of Parasitology ) 
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TIic iiitcrfjjt of this worm to students of human lielniintliology lies in the 
fact that tile eggs in parasitized vegetable tissues winch arc ingested by man 
are set free in tlie liunuin digestive tnict and aa* evacuated in tlie feces, so 
tliat fecal examination would seem to indicate tlie presence of a nematode 
inhaliitant of the human bowel. Keller (1935) states that these eggs may 
be inaccurately diagnose<l ;is infertile Ascaris eggs or hookwonn eggs, and 
thus occasion unnecessary admiiiistnition of autliehnintics. Sandground 
(1923) has shown that the eggs designated by Kofoid and White (1919) 
as 'Vxi/uri:t incugnUa* belong to tins siiecles of nematode. 
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THE PHASiMID NEMATODE PARASITES OF AIAN 

(Continued) 

STRONGYLOIDEA, TRICHOSTRONGYLOIDEA AND 
METASTRONGYLOIDEA 

(IIooKwouMs \ND Uelvtld Foinrs) 

Suborder Strongylisa (RaiUiet and Hemy, 1913) Pearse, 1936 
(Sjiionym, Strongjlata RailHet aii<l Henry, 1913) 

The species of this suborder consist of forms which are cosered ^\ith a 
smooth cutieula. They lack \alvuhir lips; at times the buccal capsule is 
wanting, 
worms. 1 
six paired i 

two, equal or unequal. There are ordinarily two ovaries. The eggs are 
thin-shelled, transparent and are in the early stages of segmentation when 
oviposited. This subonler has three recognized superfamilies, Strongyloidea 
(Wcinland, 1858) Hall, 191C, TnchostroDgyloidea Cram, 1927, and Meta- 
strongyloidea Cram, 1927. Of these superfamilies the t>pe superfamily 
Strongyloidea cotttains the largest assemblage of species, many of which are 
of considerable economic significance. 

Sul'ERF.OIILY STKONGILOIDEV (WEINL.tND, 1858) II.tLL, 1910 

In this group the buccal capsule is well de\cioped. The mules have a 
broad conspicuous bursa. The females are all oviparous and the eggs, on 
developing, give birth to rhabditoid larvie. No intermediate host is 
requif^. These larvie ma}' directly infect the host without metamorphosis 
{(Esophagostomiivi, Syngamvs) or may require a period of feeding followed 
by transformation into the filariform type before they enter the host 
Ancylostoma). In the former case the common mode of invasion is passive, 
i. e., na the mouth; in the latter case, it is usually active, i. e., tin the skin or 
oral mucosa. But mature filariform larvse of the hookworm, upon being 
ingested, may pass through the stomach uninjured and develop directly 
into adults in the small bowel. Species of (Esophago^tomuin, upon being 
ingested, pass tlirough the stomach and small intestine directly into the 
colon, where they burrow into the v^all, and complete their larval develoj)- 
ment, later emerging into the lumen and beconiing attached by their head', 
to tlie colonic mucosa. The species reported from man belong to three 
families, Strongylida Baird, 18.>:k Syngamids I..eiper, 1912, and Ancylo- 
stomatida (Ix)oss, 19()o). 

Faviily STliOXGYLID.K Ilttinl, 1853 

Species of this family have a conspicuously wide buccal capsule witliout 
teeth or cutting plates but with a chitinized corona radiata. The v ulva lies 
in the posterior half of the female’s body. The copnlatory spicules of tlic 

( 40 *.) 
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mule lire welWcvelopwl ami equal; a buma is present. Adults ot these 
species arc found attached to the digestive tract of their hosts. 

GE.NUb Tku.S'iue.\s IUiluct .Uii) IIkxkv, 1009 
(genus from ter, thrice and dais, tooth) 

Temidens deminutus (liailliet and Ilcnrv, 19n.i) Hailliet and Htnir, 
]90i). 

Synonyms.— Triodonlophorusdeminutitt Raillictand Henry, liM).r. Globocephalai 
macaci Smith, Fo.\ .niid White, 1908. 

Bioloficalt Geographical and Epidemiological Data, — This sjiecics was firitt 
described by Ilailliet and Kenry from two si)ccimcns, male and female, obtained by 
Monestier, a surgeon of the French marine, at autopsy of an African Xegro in 1865 
(habitiit, Mayotte, off the coast of Portuguese East Mrica.) Sandground (1929, 
1931) reports this worm to Ikj common in natives of Southern Rhodesia (50 to 65 per 



cent) but rare in Portuguese East Africa, Other casM have been 
from natives of Nyasaland and from Portuguese East Afnc , -or, 11a and 

Barrois, as well as by Brumpt and other workere, from macaqu , 
other simian hosts. ' ' 

Grossly these worms arc apt to 
readily distinguished from the lati 
oral capsule, which, in Temidens, 

bristles. The worms are cylmdro.«,^«. '.^Vicenrronst asncct three comii.v' 


The males m!a!.ure9.6 mm. in length by 0^,0 numui 

are slightly attenuated, nhile the Postenor eatrenuty 5 d a 

shaped bursa (Fig. 312B), with charactenstio rays- 


HOOKWORAfS AND RELATED FORMS 


407 


delicately beirated. The spicules are long, atout bristles, measuring approximately 
0.9 mm. in lengt 
thin posteriorly, 

The females m 

forms a distinct nrotuberance a sliort distance in front of the anal opening. 


Clinical Data. — According to Sandground, these norms inhabit the ^^all of the 
large boi\ el, where they may at times produce cystic nodules, but otherwise give rise 
to no apparent patliology. They produce no significant anemia Carbon tetra- 
chloride and tetrachlorethylene are moderately efficient in removing the mature 
worms from the intestine. 



Fta. 213 —^tofihagottomxttn aptoilonium A. &nt«nvr end of norm; B, posterior end of 
femsle, C, postenor tad of male X ^0. (After RmJliet and Henry, in Bnunpt, Pitas de 
ParssitoloKie ) 


GeNVH (EsoriltCO.'jTOMUM jlIOLIX, 18G1 
(genus from oi9o4iayos, esophagus, and aro/ia, mouth) 

tSsophagostomum apiostomuoi (Willach, ISOI) liaillict anrf /fenry 
1905. (The nodular w orm of monkevs.) 

Syno&y • ' 

Linstow, • 

Biological, ucvtias>iuva> 4i».. S_ b— ^ ^ . 

parasite of the large intestine of the gonlla, tlic orangoutang, and the macaque in 
West lUrica It is also present m monko's in the Philippuics and in China. It has 
been rejiortcd from man in Xortlicm Xigcna, where 4 per cent of the prisoners in 
jails harbor the jiarasitcs, and from Lake Omo, East Africa. 

The worms are co\ercd with a transversely striated culicula, which is dilated 
antcnorlv between the excretory pore and the mouth (Fig 213A), to form an oxoid 
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pkiry,™.raS/°™ 

The mules nieUMiio 
ii CJttu|)aiuilatc liurNU 

(I-'iE. 2I3C7). The copuIato™'M)iS< 3 »ecotii,mnym6 figure 

The females measure 8,5 to 10 5 mm ii I PO!=h;rioriy. 

closely resemble those of 2135). The eggs 

The life cycle of the norms oMI, is ^ « by 27 to 40 

of the genus, which have been eluciiS^ 

rhabditoid stage) are s«allrm«l „ , “e 'arv® (mature enshealhed senu- 

mtestine, and on amS „ ‘l™ngh the stomach and small 

provoke noduie “orrtfon (Kg “T’rt f’' ‘ll” 

nodules, ^\])ereunon **# ^nature m the cavities of these 

the mncoca nnd^evelo'f torome attached to 



consisting of an inner zone of lymphocytes and poIjTiiorphonucIear Jeukocjtcs 


dysenteric symptoms, or may n • > uce 

peritonitis Secondary invasion » ^ 

Diagnosis. — Practically imposs 
the hookworm. 

Therapeusis.—In endemic areas and other regions where this 
alent in reservoir hosts, the patient should be treated with thymol, oil o 
podium or carbon tetrachloride, which are specific anthelmintics for le 
w orms. 
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Prognosis.— Unstudied. 

Control. — Caio sliould bo taken not to come in contact ^^lt!l food, water or caith 
likely to be contiiininatcd with feces of monkcy.s wliicli commonly luaibor tlio |ku.v- 
sitc. If Jhuiupt's liypotlie'is is conect, tlangcrof infection eifi the skin is as serious 
as jiir os. 

Olsophagostomum stepbanostomum var. thomasi Hnillict atul Henry, 
1909. 

Biological, Geographical and Epidemiological Data. — This species has been re- 
corded once by Thomas from the large and small intestine of man in Man.lo.s, 
Brazil. The coiona radiata of the buccal capsule has a complement of 38 leaflets. 
The immature males reco\ered measure 0 17 to 022 mm in trans%crsc diameter. 
The copulatory spicules are slightly cur\-ed at the tip Immature females measure 
0 10 to 0.20 mm. in length by 0.9 mm. in breadth and end posteriorly m a short 
conical appendage. The worm is distinguished in several minor points from 
CEsophagostomum stephanosiomum Stossich, 1904, taken from the large intestine 
of the gorilla. 

Pathogenesis, Pathology and Symptomatology. — In the single case on record 187 
nodules were found imbedded in the wall of the ileum, cecum and colon. Each 
contained a single immature male or female worm The formation of fibrous con- 
ncctn e tissue in the vicinity of the nodules liad been sufficient to reduce considerably 
the function and capacity of the bowel. 

Diagnosis.— Unstudied. 

Therapeusis.— Unstidied. 

Prognosis.— Unstudied 

Control.— Probably the same as for other S|>ccie8 of this genus liaving monkeys 
and other primates as reservoir hosts. 

Family SYXO.UIID.E Letiter, 1012 

The adult worms of this family are typically joined in copula. In the 
type genus, Syngamus, this union is permanent. Tliey possess a large, 
thick-vvallcd buccal cap&ule, which is armed at its inner base with G to 9 
teeth of two distinct sizes. Tiie bursa and supporting rays of the male 
(Fig. 215 C) are characteristically those of the superfamily. In the genus 
Syngamus the spicules are short and thick, and the vulva is situated in the 
anterior part of the female’s body. In 5. uasicola there are apparently no 
spicules. The eggs are prov ided with a cap at each pole in species parasitiz- 
ing birds but lack these caps in species inhabiting mammals. 

Genus, Syxgvjics v. Siebold, 183G 

(genus from ffv^, together, and ya^ior, marriage) 

Syngamus laryngeus llailliet, 1899. (The cuttle throat-w orm, pniducing 
s^iig.imiasls or sj ng.uiiosis.) 

Syanajms,— Syngamus kingi Lci|)cr, 1913; Cj^AostoMia of St. Jubn, Sunmimsaiid 
Gardner, 1929. 

Biological, Geographical and Epidemiological Data.— Members of this family arc 
commonly found in the upiicr respiratory tract of birds and certain mammals, in- 
cluding cattle, sliccp and goats, and felmes. Tlic thick-walled buccal cajjsuic is 
directed aiitcnad and in the mammalian parasU«s warmed m its inner base with 8 
Mil>-c<pial teeth Theic is a tliick muscular inner wall down to the junction with 
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lips there is a minute papilla. The •« betivcen each too 

female and is permanenO^ ioined L Zula S “ than the 

Its supporting rays is generically and s^ificallv^w7f ® 
spicules are short and thick. The vuIva^sU ^ copulafo^- 

equatorial plane. The female has m \ ^ distance anterior to the 

parasitic in birds the eggs have a mir of nnlar 

parasitizing mammals. ^ Peking in species 




Fig. 215 Anterior ends of A, lusle worm, B, female worm, of Sungamu* irom msO' 
enlarged, (after Leiper, Trans Royal Soc of Med and Ifj-g). C. buiw of male Syngam^* 
parasitizing mammalian host, permanently in copula with female, showing lateral ue"' o' 
bursal rays and minute copulatory spicules {tp), D. egg of S laryngeus, X 500, (original). 



A pair of syngamid worms m copula was discovered by King m January, 1913, lo 
the sputum of an Irish woman of St. Lucia, West Indies. The pair differed froni^he 


pair, but by inference from other related specimens the female is from two an 
half to four times as large as the male. The eggs arc not described or '[ 

Lciper Other cases of human syngamosis have been reported, three times m 
(Travassos, 1921; Jlello and Mello, 1938; Lent and I’enna, 1939), once from 
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Philippines (St. John, Simmons and Gardner, 1929), three times from Puerto Rico 
(Hoffman, 1931, 1932; Faust, one case) and once from Trinidad (Hoffman, 
1931, 1932). These are probably all accidental inteelions by the bovine 
species, S. laryngeus, which mhabits the upper respiratory tract of cattle, water 
buffaloes and goats in the Onent, m Puerto Rico and in South America, although 
Buckley (1934) is inclined to refer Leiper’s specimens to S. nasicola. 

Nothing IS known of the life history of Syngamus laryngeus. The infection in man 
is undoubtedly accidental and cattle or other herbivores are probably the natural 
hosts. In Syngamus trachea of the domestic fowl the adult worms live in the bronchi 
. d, arc coughed up and 

By the eighth or ninth 
, 'cak out of the egg-shell 

througli the polar caps, and are ready for ingestion by the next host. Clapham 
(1934) has found that earthworms scr\e as an important intermediate host of the 
worm, and that the third-stage larva are encysted m the somatic musculature of 
lumbricids Buckley (1934) believes tliat the same stage of species parasitizing 
mammals is infective and that an intermediate host is required. Upon being 
swallowed they become active and migrate through to the lungs where they are 
found twenty-four hours after ingestion. In the course of a week or shortly after- 
wards they ^ve paired in the broneUiolea, pass out to tlxe larger air passages and 
attach themseUes to the mucous membrane of the bronchi or trachea, where they 
become sexually mature within three weeks after infection. 

Clinical Data.— The worms m the bronchial or tracheal passages produce par- 
oxysms of coughing or sneezing, during which they may be evacuated in the sputum 
They occasion hemoptysis, at times asthma. Diagnosis m human syngamosis is 
based on the recovery of the characteristic m sputum Therapcusis has not 
been studied. The worms are frequently expelled following a paroxysm of cough- 
ing. Prognosis is good Prevention is not pos.«ibIe until the source of human in- 
fection has been completely elucidated 

Other mammalian syngamids include Syngamus ftlts, S. auns and S lerei from 


Family ANCYLOSTOM^ITID^E {Looss, JOoO) Lane, 1917, emend 
iXicoll. 1927 

Tile species of this family arc |)opularly known as “hookworms." This 
dosignatiun was originally made {fide Stiles) because the bursal rays of the 
male were erroneously interpret^ as hooks (Goeze, 1782). In the sub- 
family Ancylostomatinae Lane, 1917, emend. Nicoll, 1927 the oral cutting 
organs consist of tooth-like processes, and in the subfamily Uncinamns 
Iloscnau, 1914 (Syii. Necatoriiwe Lane, 1917), of semilunar plates The 
human representatives of the family belong to the genera Ancylusioina 
and iVccafor. 

Genus -Lncvlostoiia DuniNi, 1843 
(genus from a7xi'^o*’i hook, and cr6/io, mouth) 

Ancylostoma duodenale (Dubiiii, 1843) CrepUn, 1845. (I'he “Old World 
hookworm,” producing ancylostomiasis duodcnalis ) 

Sroonyms. — Agchylastotna duodettale Dubmi, 1843, AncAt/fosfomurn duodaiale 
(Dub, 1843) Dicsing, 1S45; Anchylostoma duodenale (Dub, 1843) Cliiaje, I84C, 
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Strong, jlm guadridnnialm v. Sicbuld, ISSl; Dodmius onbMhmwn Molin ISCO- 
ficrofnm duodcmU (Diib, ISM) ColMd, 1804; Strong, jius dnodadi, (Dub, 
184.}) hcliiKMder, ISfib; Dochmtus dumimnbs (Dub., I84a) Uuckart, }8fi7; dDivJ,)- 
ulomm duofh nolc ()ijj))mr, Btifitiion, ISSO; Ummrin dmdrualis (Diib , iSij) 
Hmllict, mi. ’ 


Historical Data.— ,/incj//osto»ia duodenale, the “Old World hookaorm,” is, more 
correctly spea^king, the autochthonous human hookworm of the North Temperate 
Zone of the Eastern Hcmi.'spliero. Although undoubtedly an important cause of 
uiseasvo vn ancient limes, and probably referred to in the Eber’s papyrus (1600 b c), 
tlie first authentic records of the worm and the disease for which.it is responsible 
were j)ubhshed by Dubini in 1843, from iN])ccimcn$ obtained at the autopsy of s 
MilancS'e woman in 1838. In 1878 Crassi and Paropa demonstrated (hat the pres- 
ence of the worm in the bowel could bediagnoaed by the recovery of the efigs passed 


"cncystccj motile larvae (of Ancylosloma), at a certain jicriod and stage of their 
development, when introduced into the human intestinal tract, are capable of 


tliat thes^ larvic, after penetrating through the skm, follow an indirect route of 
migration to the intestine, rin the venous sy.stcin to the lungs, thence out into the 
air passages and over tlic epiglottis into the intestinal tract. 

Geographical Distribution.— (See pp. -125-429.) 


Structure of the Adult Worms.— The mature worms (F)g._ 21d A, are 
cylindrical in shape, roseate*\vliite or ivory-gray in color, slightly 
anteriorly, and have the anterior eiul directed somewhat dorsad. ^ ^ e 
males measui 
females rneasi 

capsule (Fig. , . . . .. 

the chemical nature of which is prob-ibly not chitin, but is . 

definitely determined. The cavity is oval in shape, the 
being the longer. The outer part of the capsule is made up of a ‘ ^ 

grooved portions; the inner part, save for tlie dental armature, s 
and uniirticulated. Ventrally, on the apparent upper side o e 
there is a pair of articulated dental plates, each consisting o . 
teeth, solidly joined together, of which the outer is some'' la 
The members of the inner pair of teeth are each .t moutli 

spicuous median dental process. The cuticulu is infoldc i 


spicuous median dental process, me ip • — - lower 

cavity but is pierced by the teeth. Dorsally (i. on le * , . y^free 

side of the mouth), there is a plat- ■* nindian c/cfb the _ 
ends projecting slightly over the e ■ 
is the orifice of the dorsal gland, a.. — - 
of internal teeth. Ventrolateral to 
pair of ducts from the cephalic or “ 

far as the mid-plane of the body. — - ^ buec.u ca*'*-’- 

The esophagus is the direct internal continuation a 

Its length is about one«sixth that of the entire " r 


intVi nre the openings oi 
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non-cliitiuous substance and has a triradiate lumen. It. is somewliat 
swollen posteriorly and is guarded at its po&terior exit by a tnlobcd cardiac 
\al\ular apparatus. Within tlie wall of the esophagus there are three 
esophageal glands, ojie dorsal and two subventral. The intestine proper 


1 lu 210 



Adull .1. male, A, female X 20 (Ailuptul from Loons ) 


(ch^ lo iiite-)tine or inid-iiitrstiue) is the ]>ortion of the digestix e tube iii< Ii 
continues through tlie gre.iter portion of the worm and joins posteriorly the 
short reetiini. It is the only portion of the digests e tract not eu\crisl Mith 
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stonitKieiii or proctode.'iJ ctifide and is the region in -which digestion and 
absorption of food occur. The food of the hookworm consists essentially 
ot the mucous inembrane of the liost s intestine, together with blood cells 
aiui scrum escaping from tiie blood supply of the mucesa. Upon becoming 
attached to host tis;5Ue the n'oriii seizes one or more of tlie villi (Fig. 218), 
triturating and gradually sucking in the substance, thus e\entua)ly con- 
suming all of the villi around the head of the parasite, and, in so doing, 
opening numerous capillaries and small venules. 



Fio. 2iT.— .tntCTior end of A nciAosloma Auodtnaie, blioH’ln^ buccal capsule and dental paitfto. 
X SiO. (Origina}.) 



Fio. 218.“Sect(on through human ehowinf method DJV, uJtesC^®* 

to the nail, leukocytic ^n6U^atio^. B, blooch-e^l, .V.V. 

elands, £. epithelium : submucoaa EpJ*r«ed. <AfWrOudend^ w 

ufennial Congress of Far Easfera Assoaation of Tropical Medicine. Oourt^^ 

Sons & Danielsson, Ltd., London.) 

The excretory pore is mid-ventral in position, just behind th ^ 

The e , . ■ 

cell,”’ and a "suspensory cell." ‘^°fr"oTplonEaSrn™'S'“''*' 

apparatus are the so-called cen’ical ^and^ a P?'^? sonic distance 

lar cells on the ventral side of the My. ertendmgtehnarass 
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behind tlie esophagus and opening through efferent ducts into the excretory 
canal system. The excretory canals are embedded in the lateraMine-compIex 
all the way from the buccal capsule to the subcaudal region of the body. 

The male worm (Figs. 216i4 and 219) is provided witli a campanulate 
bursa, which is considerably broader than long and gnes an expanded 
appearance to its caudal extremity. I'he bursa is supported by fleshy rays, 
the pattern of which is charactenstic for tlie species. The formula for each 
half of the bursa is as follows: Dorsal ray, single down to its distal third, 
where it bifurcates, each fork ending in two or three digitations; externo- 
dorsal ray, arising from the root of the dorsal and extending without forking 
into the lateral iobe of the bursa; three lateral raj's, subcqual, well separated 
and divergent; two ventral rays, close to one another and directed ventrad 
away from the laterals. The male genital apparatus (Fig. 193, p. 346), if 
fully extended, would nieasure more than twice the length of the b^y. 
The inner blind end of the testis (0 begins a little behind the origin of the 
cement gland As the tubule proceeds forwards, it becomes wrapped in 



t'lG :!10 — Posterior end of male AncylotlotM dwfdenalt, sliowing spicules and bursal ra>'s as 
Been in the left half of the bursa X 80 (Onsinit)) Compare '>i(h Flic. 326. 

tnlIls^’e^se coils around the mid-intestine. Upon reaching tlie posterior 
aspect of the cervical gland, a longitudinal loop extends forwards for some 
I ....... • . ‘criad as the seminal 

* , there to expand into 

. 1 opens posteriad into 

ited on either side by 

tile pair of large wuJticeJluIar cement glands (ty), so that the duct and t))e 
glands form a supporting trough for the intestine. This structure continues 
to the subcaudal region of the worm, where the ejaculatory duct, now 


gubcrnaculum (j?m 6), which is situated in the dorsal wall of the cloaca and 
spicular canal. 


■ilO PUASMID A^BMATODli PAltASITES OF MAX 

The female genital organs (Fig. 194, p. 840) consist of two ^erv long 
ovanaii tubules (or), one coiled back and forth in the prevulvar portion of 
the body and one m the imstvulvar part. As they approach the vulva the 
tul)ules become appreciably reduced in diameter and proceed for a short 
distance as oviducts (or/). Farther outward they become successhely 
differentiated into the seminal receptacles (rs), the vteri (vt) and the 
ovejectore (ovj), the two horns each passing through a vagina (rg) and 
finally joining to form the vulva (n/). In ^Incy/oj/owia duodenale the\uha 
opens to the outside at the beginning of the posterior third of the body. 

Copulating pairs of worms arc frequently seen in which the bursa of the 
male is aiiplied to the vulva of the female, the position being maintained 
by the insertion of the copulatory bristles into the vuha and by the 
cemeiitmn, elaborated by the cement glands of tJie male and deposited 
between the vulva and the bursa. 





D 


I'lo 220 — I’hotoniiciogiaplr of ctea of liu»»nn li<wk»o«jn. >< 

HitU motile lana (After in Brcmicmaiiu's Racticcof IcdiaUus, y 

I’nor Company ) 


Description o! the Eggs and LarvEB.— The eggs, on leaving ^ 

female worm, are in the early stages of segmentation. ‘ i., a|,'ne 

are ovoidal, with bluntly rounded ends and with ^ ....jpr fcw 

shcli-membraiie, which is so thin as to appear as '''' ® ;,j (i,cir 

power of the microscope. While there is ^ normal stool they 

size, they average GO by 40 ™eii evacuated m t ^nseg- 

arc in the two- to eight-cell stages of segmentatio . 
mented eggs arc found in feces, ndii/e, in cons ipa rijabdi- 

remained several days in the bowel, gistrulse , f ^Ics, discharged 

toid larvm may be present (Fig. 220 B) In Ihe internal 

from the liowel, larva; may develop i» vtero and 


nrcans of the parent worm. 


p\’ little dc^elopIll‘•’j^^ 


night-soil is placed on the land for tcniiizei < 
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egg-containing feces are made on moist, sandy, shaded earth, development 
proceeds rapidly, so that, under favorable conditions of temperature, 
hatching takes place in twenty-four to forty-eight liours. The optimum 
conditions for the hatcliing of eggs of A. duodcnah appear to be moist, 
aerated soil, protected from the direct rays of the sun, with an average 
temperature of about 25“ C. Excess of ■water, of acidity, or direct sunlight 
hinders hatching and development. 

The larva emerging froni the egg is a tjpical rhabditoiil nematode (Fig 
221), measuring 0.25 to 0.3 mm. in length, bluntly rounded anteriorly and 
attenuated posteriorly, and with a maximum diameter of about 17 n in the 
anterior third of the body, near the nerve 


able annulus just in front of the esophagus.. 
The esophagus occupies the anterior third of 
the digestive tract; it is composed of a cjl- 
indrical anterior portion and a pyriform 
posterior bulbus. The mid-gut consists of a 
iwllow column of alternating dorsal and ven- 
tral cells. The rectum is a delicate, sht-Hke, 
cuticularized tubule. The anal opening is sit- 
uated at the beginning of the caudal fifth of 
the body. 

After about three tUys active feeding on 
bacteria and possibly organic debris ami 
following growth, the larva moults (first 
eedyais), continues to feed and to increase 
in size up to 0.5 or O.G mm., but still re- 
taining its rhabditoid character. At the be- 
ginning of about the fifth to eighth day the 
larv a ceases feeding, and a metamorphosis to 
the filariform type takes place. The iiioutli 
liccoines closed, the esophagus oloiigate.s. 
and tlie second eedysis occurs, although the 
larva usually remains within the shed ruti- 
cula, which becomes shrunken but reoiatni, 



I la riiaUdiloid larv» 

of the human hooWnorm, K 300, 
O, aatertor end of Iar^a, bho^ine 
tong, nano'X. buMol thamber; f. 
SidnilBr of anterior end of 

ftfrongylatiiet rhahditoid lar>a a, 
anua.b, buccal chumWr, c«,e&opli. 
aKU'<, i, mid-Eut (OriRinal ) 


ions the.^e larvie are viable m soil up to fif- 

teenweeks. They can be differentiated from the similar stago of A'rcufor 
aiiiericanus (Fig. 222 C) In that (1) the pnitnisile c&ophagc.il spc-irs arc 
miequ.il in thickness in Ancyloitoma (Fig 222 JJ) and equal in XccniDr 
(Fig. 222 D), .uid (2) thcc.inliac ]>ortioii of the esophagus .ippcars to be in 
direct contact with the anterior portion of the mid-gut in Ancylmiurna, 
white in Xecalor an intermediate transverse space appears to he present. 
-\ftcr a peruMl of quiescence, or upon the loss of the cn\eIoping moulted 
outkula, the l.irv;e beioiiie .ictive .igaiii, and. on it ntait witii the hiiinan 


27 
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skin, penetrate the skin layers. Within twenty-four hours or less they 
reacli a bloodvessel, whereupon they are carried through the right chambers 
of tlie heart to the lungs, thence after breaking out into the alveoli, are 
transported up the a* • 
tract to the jejunum 

their development. ' * o' ' ■ 

the jejunum a third eedysis occurs, and a provisional buccal capsule is 



Fio. 222 — Filaiiroim Ittivte of hui 
(Onginal adaptation from Looss ) B, 1 
spears. (After Heydon, Medical Joi 

(Original adaptation from Looss.) D. -- i ^tralia ) 
buccal spears. (After Heydon. Medical Journal of Austrm 
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formed, so that the adolescent worms are able to attach themselves to the 
\illi, grow in size, and develop the definitive mouth capsule \\ithin the old 
one. Then the provisional capsule and the fourth cuticle are shed (final 
ecdjsis), and the worms develop into adults. 

As Lane (1932) has remarked, “the circulatorj' escalator, whether blood 
or lymph, takes (the larva) to the lung capillaries, the bronchial escalator 
to the larynx, and the peristaltic escalator to its permanent habitat.” 
Looss found that the majority of hookworm laiwae reach the gastro-intesti- 
nal tract within twenty-four hours after skin exposure, while more recently 
iMiyagawii and Okada (1930) ha\e concluded that the migration through 
the lungs is biologically indispensable for development to the adult stage 
On the other hand, there is some apparently convincing experimental 
evidence, supporting the slew that mature infective-stage larvie, when 
introduced directly into the intestine, may for a short time burrow into the 
glands, after which the majority will become attached to the villi and 
de\elop into adult worms without a lung migration. 

About fi\e weeks Is required from the entry of the filariform larvie into 
the skin until egg-laying begins. Mature females of Ancylosloma duodenale 
la\ about two to tw o and a half times as many eggs per day as do the females 
of Nccator amencanua. 

Factors Involved in the Grovrth ot Eggs and Larva.— In the undiluted feces 
few nr no lar\ se are 
there (pil 4 8 to 5) 
howe\cr, rains and 

deposits. Water not only ser\ es as a \ cctor, but, in diluting or moistening 
of feces, ser\es to initiate hatching and growth of the larv®. However, 
rapidly moving water is not conducive to development, and heavy rainfall, 
such as occurs in theTropics, is a natural sterilizing agent for infected areas. 
Water covering soils containing large numbers of hookworm hirvre tends 
to cause rapid death of the larvm on account of the growth of bacteria, 
fungi and protozoa whicli are larvicidal. Alternating drying and moistening 
of the medium also tend to kill the larv;e 

Temperature is an important conilitiuning factor of growth. ^VhiIe 
27° C. seems to be fav orable to batching and development, at this tempera- 
ture most of the larvie succumb in nine weeks, although as many as 5 to 
10 per cent may survive some weeks longer; at 35° C. the majority die in 
four weeks, at lo° C growth is slower and the length of life longer. At 
0° C. growth is inhibited and death occurs fairly rapidly. Within certain 
limits the viability of hookworm larvie in a favorable environment varies 
inversel}- as the rate of mctaboHsiii. Direct sunlight of the Tropics is 
vlistinctly unfav orable for hookw orm larvte in the soil. Dense shade consti- 
tutes tile optimum for their development and continued e.xistence. Even in 
liglit sluvdc the iicnovl of viabililj is reduced. 

Dilution of the feces witli soil is higblj’ favorable to hatching and dev cloi>' 
ment Larv a; liav e been found to migrate to the surface after having been 
buried in sandy loam to .v depth of 3(> inches. Mixture.s of clay reduce the 
range of imgratitm ilirectly vv itli the proportion of this ingredient in the soil. 
Xormally in fecal deposits on the surface of the soil, the greatest number of 
hookworm larva* remains in the upixrr | inch of the soil and the number 



420 


PllAHMlD NEMATODE PARASITES OF MAX 


decrciibes mindly with the iiicreabing depth of the soil. They do not 
niipiite out of the soil onto vegetation in the immediate vicinity. 

It was formerly l)elieved tliat the second ecdysis occurred onlv at the 
tune of human infection. But, in the Tropics, a large share of the larvs 
becoines unsiieathed in the soil and lives for the normal length of time. It 
was also formerly believed that larvie might live in the soil for long periods 
of tune, possibly years, and still remain active ( 2 . c., viable). Under tropical 
conditions seven or eight weeks appcjir to be the maximum period of 
existence. Ill temperate zones this period is increased as the metabolism 
of tile larva is slowed down. In regions where ancylostomiasis is most 
prevalent, the disease is probably propagated through constant reinfection 
of the soil, rapid development of the larv®, and consequent reexposure of 
human beings frequenting such infected spots. 

The lengtli of life of the adult worms of this species has been estimated 
at nine to ten years but recent ijn’estigations suggest that this estimate is 
probably too high. The work of Chandler (192(5, 1929, 1935) indicates that, 
in the absence of reinfection, the egg-count in hookworm patients drops 
about 50 per cent in the first three months, GO per cent in six months, 
70 per cent in one year, 80 i)er cent in two years, and 92 per cent in fi^e 
years. After tlie nintli year a small number of eggs may still be reco\ered. 
Maximum egg production is reached about the sixth month follo^in? 
exposure to infection, after which time egg production in patients on a 
Constant diet fluctuates very little. Thus egg-count constitutes a relativelj 
reliable criterion of the number of worms. However, differences m egg- 
laying exist in lightly and in heavily infected population groups. Sloreover, 
continuous reinfection constitutes an integral part of the hoobyorm prop* 
lem. Retired Hungarian miners have been found to retain their infection in 
hookworm-free eni’ironnients for six to eight years after retiremen 


(Ldrinez. 1935). , i l 

Man is probably the only normal definitive host of this species, altnougn 
Ba.\lis and Daubney (1923) record a single female A\orm from a ige 
((’alcutta). Likewise, hookworms identified as A. duodenale ha\e 
reported from the following mammals: pig (O’Connor, ^^^ 1 ; i-egg 
Uheuben, 1921);lion in captivity (Schwartz, 1927); ca 

(Bavlis and Daubney, 1922); ViTcrricula indica pallida ("dier, t J-Wi 
(experimental only); Megalotis zerda (iMcClure, 1932); dog ( 

Hall, 1923; Thapar, 1929); Fan sp., Hylobates lar and expend 
Silenus silenus (Stiles, Hassall and Nolan, 1929); gorilla ( a , 
experimentally Silenus simeus (Strong, 1930). _ 

Maplestone (1933) obtained a mild “creeping eruption " “ . 
tea-garden coolies in India, inoculated percutaneously wit 1 


l.irva; of H. duodenale. . , ^,,;,i,.tniol(>g.''' 

For a consideration of hookworm disease, its chstributioi , P 

clinical and preventixe aspects, r/We pp. 430-443. 

Ancylostoma caninum (Kreohmi, IS5‘J) Hail, 1913. (liietog ( 
pioducing ancylostoiniusia caniiia.) ^Ercol*''*’ 

Synonyms.— 5c/eroi.?om«//i tamnxim Eicolani, 1859; SlTougylu^ can 
18.59. Uncinana canim (Eic., 1859) RaiHict, 1900 ,,ractically co'inoP"*’!*" 

Tins IS the common hookworm of thedog and cat. _ ^iintirctic regwa* 

m distribution, but is more properly autochthonous m >e 
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replaced, at least in part, in the moie tropical areas by A. hrazihcnsc. It is question- 
able %\hether it occurs naturally as a parasite of the Ituman host, although it lias been 
reported once from a Filipino (Alanalang, 1925). The male worm a^erages 10 mm 
in length by 0 4 mm. in breadth and the female, 14 mm. in lengtli by 0 G mm. in 
breadth, 
any desen 

three teetl ^ 

The bursa is large and flaring and is supported bj’ typically long and slender rays 



Kig 223 —Anterior end ol Anei/lotlomacaniHum. i-hoHiiiK bunal rap>ub and dental pattern 
X 2i0 (Original ) 



l-iu 22i .Vntenor end nf Ancylottomnbraiilienff. bhomnK hucrol < ap^ulc and deiiUl pattern 
X 2-10 (OrtKinal ) 

The copulatory bristles are stout and relatively short Tlio cgg.s are similar in tj jie 
to those of A duodenale, hut aic slightly larger, mcasunng (>J 8 hy 40 4 p The life 
cjcle 13 similar to that of .1 duodenale, but raniMUMi Is adapted to a somewhat 
cooler free-living mi/ic« than A duodenale. Prenatal infection in dogs has been 
demonstrated cviienmcnlally by Foster (1932) Tltc canine and fchno strains of 
tins worm are iihysiolngically distinct (Foster and Daengsvang, 19.12) 

The infective, filariform larva? of .t.rnniitum are proliahly cajiahle of producing a 
mild transient dermatitis when brought m contact with the human skin. Moreover, 
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"crccimig crapllon" has hwii Ucacribcl for nun a the result of cutancau! laocula- 
Uon SMtli infective larvx of tin., as ncllas tlic Euro, sun dog l.ookiiomi Wmnmz 
slcphanoccphah) {hilllchorii, 1927: Ifej-iloii, 1929: White and Dove, ISM Hiute 
aiul \\ orth, 194.)). • 


i» Muitlti oj vaiuaoic iniornLitioii. , . — 

AncylostomabrazilienaoGiiinez.lcl-iiria, 1911). fl'lie hoohivomi produc- 
in^ “crfcpiiiK miption.’’) 

Sjnonjmz.— Ancylostoma ctylnnicum I.oov<, 1911; (larva)' 

Kirl)y-Smith, Dove sind White, 192(1. 

This sj)ccic3 of Anajlostoma was first foiiud hy Gomez dc Faria m dogs and cats m 
.Soullicrn Hrazi! in lOlOand was dc>cnl)c<lhyI.<H)s» the following year fromahumaD ' 
infection in Ceylon. Since that time its presence has been recorded in a number of 
instances from the intestine of man, of the dog and of the rat in (lie Oriontil rciioa 


Jloridanus) in the environs of Xcw* Orleans, Louisiana, and from the leopard u 
Sierra Leone. In human ca.y>s it U usually a minor infection along with Xccalot 
amcftcanm, in dogs and cats it is frcriucntly found in a predominantly Aneylo$tom 
caninum infection In the Southern United States human intestinal infection ndn 
tills hookworm is unknown except for one report from Texas, but in the Gulf Coast 
States, cs|)ccially Florida and eastern Texas, the cutaneous infection or “creeping 
eruption,” as a rc.'Ult of exposure to canine and feline strains of the parasite, is 
relatively common. , • * * ,i 

According to Stoll (1947) there arc relatively few authentic records of the nwur ^ 
occurrence of adult A. brazilunsc from man, actually less than 200 
btaucas. These include cases from Brazil and Tex.as in the Western , 

Bengal, Burma, Siam, Malaya, Sumatra, Java, l^liilippincs, Formo-a (.), fij 
certain wlands north of Australia in the Eastern ircniisphcre. , ,, 


The iimlc worm incasurcs7.75 to 8.5mm. 
female, 9 to 10.5 mm. by 0.575 iniii. Tin 
thatof.l duodcHrt/c in having a somewhat : 

each carrj’ a small, curx'nl inner tooth ami u iareii »un.i una. *•.>- * • 

male also diiTcrs in being 

short, stubby rays. The 

The investigations of Kirl . • •• 

mature filariform larvae o. '1 ivn^lvriothesi-u* 

by the skin route of invasion; and that larx*® entering the United States- 

arc responsible for In „„der aseplB 

In an attempt to cul „erc as salistactoo;** 

conditions. Law rence > , ,, ' i e..vr.r.fa nf this infection 

those in which living bacteria were present, (tor . Disease,” PP- 

see section on ‘‘Patliology and Sj’mptomatology o 

435-437.) 

Ancylostoma malayanum (Alcssaudriiii, 1905) Lane, 1910- 

Synonym.- Uncitiaria mahyana Alc^ndnm, j^ini (1905) from the 

This species of hookworm was first described by A .up came worm from tho 
Malay bear (//cfarc/osma/ai/aHus). In (1920) record this 

Himalayan bear (Ursus tor^Matua). Yorke and i 1 
worm from man. 
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The males measure 12 to 
mm long by 0 0 mm broad, 
most slender of the described 


stout. The terminal parts of the dorsal ray are noticeably sinuous. The copulatory 
spicules are very long (3 mm.) and delicate. The eggs are indistinguishable from 
those of A. diiodenale 

Genus Xecator Stiles, 1903 
(genus from neco, to kill) 

Necator americanus (Stiles, 1902) Stiles, 1903. (The “American hook- 
worm,” literally the “American munlcrcr,” producing tropical hookworm 
infection.) 

Important Synonyms.— Uncinatia amtr.cana Stiles, 1902; Anhjlostomum atneri- 
canum (Stiles, 1902) v Linstow, 1903, Ancylosloma amcncanum (Stiles, 1902) 
Siccardi, 1905, Necator africanus Hams, 1910, Necator argentinus Parodi, 1920. 

Historical Data.— This species of hookworm, commonly designated as the 
“American hoolo\orm” or the “New World hookworm” was described as a new’ 
species by Stiles m 1902 from material sent him for examination by Allan J Smith 
from Galveston, Texas 

Hookworm disease, referred to as mal d’cstoroac, mal de cccur, cachexia, geo- 
phagia, etc , w as stated by Pere Labat to bo present m Guadeloupe as early as 1742 
and by Edwards in tlio British West Indies towards the end of the eighteenth 
century (1793) In 1345 Little reported the disease m Florida and in 1S50 Duncan 
found it m Louisiana Lutz (1835, 1833) stated that it had a widespread distnbu- 


“vanety." Lutz (1888) also described his sjiccimens from Brazil as different from 
the “Old World hookworm." Blickhahn (1893) in St. Louis, Herff (1894) m Texas, 
Mochlau (1897) m Buffalo and Tcbault (1899) m New Orleans were apparently the 
earliest workers to recover human hookworms m tho United States. In 1900 Ash- 
ford reported tw enty cases of tropical anemia m Puerto Rico, nineteen of w Inch he 
definitely attributed to hookworms {Ancylostoma duodenate) 

Stiles (1902) first referred his new species to the genus Uncinaria but tho next 
year created for it a separate genus, Necator. Investigation soon showed that this 
species was the prevalent form in the Southern United States, the islands of the 
Caribbean, Central and South Aincnea, and tliat it has a wide distribution and m 
many localities was a serious menace to life and health Later it was found tliat it 
was also the common autochthonous species in the Eastern Hemisphere south of 
20 degrees north latitude. 

Structure and Life Cycle. — Necator americamio bclongb to the hookworm 
subfamily Dncinariinae, distinguished by (he presence of scmilun.ir pl.ites 
and lacking the deiiLil processes characteristic of the buccal capsule of the 
Ancylostomatime. The genus Necator is further characterized by h.i\ mg in 
the deptli of the buccal eaxity two triangular subventral lancets anil two 
suhdorsal ones. 

Necator nmencanus is gMjish-yellow iii color, with an oec.ision.d nildisii 
cast Tlie body is cjlindric.d, and somewhat attenuate aiiteriorlj Tlie 
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niiilf iiieubure'. 7 to •) uim. in length l»v mm i- i.» • 

5)t() 11 ■ 

is htrou. . ' . . . , 

Mnjill. L- . a.'.iH'fi tiifiv arc two semilunar cutting pUtes (t;^> 

winje 01 ) tile ilorsii) .sale there iV a pair of slightly developed ones {dp!}. A 
coiiica! dorsal^ ineilian tooth (ill) pn;jects prominently into the buccal 
cavity. Tlie single pair of lancets (ff) in tlie dejitli of the ca\ ity are of the 
type described for the geim.s. This type of biting apparatus is structuralli 
inferior to tliat of tlie meiitbers of the genus .Incidoshana, 

Tlie caudal bur.sa of tlie male (Fig. ’22i 
long and U'hle. The rays for each half of ' 

purr, bipartite at tlieir tip; a .slciklcr, unliranchcd e.\terno-dorsal ray; .i 
large, ))e.ihy, triftireated latcrsii, with the e.vterno-l.itend distinctly separated 
from the juedio-interal and |a>slero-}ateral, whicli are separated only attbdt 
distal end, and a cleft ventral pair arising from the inner aspect of the 



ail.tptnlioii from various authors ) 

lateral. There is also an inconspicuous ac-cesbory prcliursiil raj 
to the ventral rays. The two copulatory ,"£i‘ 

Their distal ends are fusctl ami are tippwl with a delicate 


Tl 

lo) 

from the small bowel of the cliiinj 
gorilla (Oorilln gonUa) in West • 

Guinea, the paugoliu (J/naw jav 
rhinoceros, and occasionally the do • 
to tliat of Ancyfo.'iloma, although - 
freediving environment than is A. tfMotfmofr. 
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Maplestone (11);^3) produced tj’pical “creeping eruption” in six out of six 
teu-garden coolies in India experimentally inoculated percutaneously with 
infective-stage lar\ « of this species. In 1922 Ackert and Pajue created the 
species AVmtor suilhis for the hooknorm which they recovered from pigs in 
Trinidad. The validity of this species Iws been attacked by various 
workers, including Lane (1932). On the other hand, Uuckley (1935) has 
furnished evidence supporting its specificity, based on morphological, 
biological and experimental grounds. Phvsiologically the necators of man 
and pigs do not provide satisfactory reciprocal infections. It is possible 
that these two groups of organisms are present-day variants from a single, 
more primitive, prototype 

For a consider.ition of hookworm ilisease, its distribution, epidemiology, 
clinical and preventive aspects, title pp. 425-443. 



1 10 2S0 — I’ostenur cikI, lateral mch of inal« Xtfitlor omrrtainut, l>ur»u) ru}s and 

(opulatory apicul?*. X SO At iho ncht. KrMily enlitritcd, lateral Mew of fuaed tMmiiiution 
of the two spicules, ending in a barb d, ilorool ray. ed. externo-dor^al ray, cl, oxtcriio-laicral 
tay. f, fused termmua of tpiculos, latoro-tenCral ray. ml, medio-latrral ray, prcbur^al 
ray, pf, poacio-lateral ray. rr. tcn(n>-\enlrsl ray X SO (Orteinal adaptation ) 

Nosogeography and Ethnological DistnbubOQ of Hookworm Disease. — In 
sjiite of the earlier epidemiological studies of Zinii and Jacoby (1898) and 
of Blanehartl (1890, 1900), the problem of the geographical distribution of 
human hookworms is a relatively new field of investigation. It involves 
two important critical factors; (1) the are,is of land in which climatic 
coiulitioiis are favorable for the growth of the free-living phase of the life 
c.vele of tile hookworm in the soil; and (2) the actual incidence of infection 
of the several species (for practical purposes the two species, Aucylosfoma 
thiodenale and AVni/or amertcamts), in indigenous (autochthonous) popula- 
tions practically or entirely free fnnn foreign contact. The former condition 
of the environment is usuall.v described as Iiciiig delimited by those iso- 
tliemnc belts where freezing tem|)eraturesdo not occur for anj consiilcrable 
part of the jear In the I'liitcxI States this line is usually considereil the 
nortliern bouiidar.v of Xortli Carolina and its extension fartlier west. 

In general, the infective zone for hot>k»orin eiuleinicity is limited by 
3.> degree-, north latituile and degrees south latitude, although there are 
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or have been exceptions to this temperature limit, as for example ^\.arin 
mines m colder climates (Wales. Central and Northern Europe, California, 
Illinois, China), and other regions where the sanitary conditions 
the homes, such as dirt floors and defecation within the houses, tend to 
perpetuate the life cycle during winter months. There are, however, large 
stretciies of desert within the thermally potential areas where desiccation 
prevents the development of the extra-human phases of^the life cycle. 
Ihere are also areas outside of these zones where a minimum infection is 
harbored, although it is not clinically important. 

The original distribution of Anct/lostoma duodcnale and Necalor amen- 
camts is known to have varie<l con.sidera f»'om that of its present location. 

' ■ . *. . le migrations of peoples. Due 

. ■ . , ^'X of certain peoples has been 

entirely modified. Present day information leads us to believe that the 
original distribution of the hookworms was entirely in the Eastern Ilerai- 
spliere, and that Ancylostoma duodenale occurred north of 20 degrees north 
latitude and Necator aviencanus south of 20 degrees north latitude. Thus, 
the ancylostome species existed in Europe and parts of Africa bordering on 
the Mediterranean; in Northern India, Central and North China and 
Japan. Necator ^Yas found in Tropical and South Africa, Southern India, 
Malaya, Java, Sumatra, Borneo, Celebes, New Guinea, Fiji and other 
islands of the Polynesian and Microiiesian group, Siam, French Indo-Chma 


and to a certain extent in soutlieni Chiiui. . -i • 

The migration of peoples accounts for the following present distribution 
(Fig. 227). 

1. The Americas.- (a) The Soutliern United States. Necator amencaniis 

was introduced by the Kaffir and Mosambique slaves from Afnca. 
stoma braziliense is a common intestinal Infection of dogs and ^ ^ 

Gulf Coast area and Southeastern Atlantic seaboard, but « .l 

population is confined to a cutaneous infection. (6) Cental an 
America, as well as tlie West Indies and Mexico; as far south as . rgen 
Necator lias been introduced by the same source as (n) and also ' 

Bengalis and Javanese. In one province of Brazil where there 
heavy colonization by Spaniards, Italians and Portuguese, the ancy 
index rises to 1 1 .2 per cent. In another province the relatn ely Jg ‘ ^ 

stome-count is due to Japanese colonists. Ancylostoma 

as an incidental intestinal infection of man in this area, {c) i VQ^th 
about the hookworm infections of the aboriginal Amerinds, (\0)) 

America or in the Andean areas, but the investigations o 
among the native Paraguayans indicate a very’ high ancy 

2. Europe.— The only species found in Europe, i f^„fa din^ 

colonists from the Southern United States or Brazil is * sicib* 

■ ' Jhel^oir^ 

.* ■ .. rieroi.a”" 

in Germ.any, Poland and Silesia. It was the 

during the constrnction of the St. Gothanl tunnel. 

is not known to be present in Europe. _ Jimkiiak inhf 

3. North A/ri'ca.— There is an exclusively' Ancy 
tion in North Coastal Africa. 
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4. Troincal and South Africa. ^Asfai as is known there is an exclusively 
Necator americanus infection in this region, except for an incidental infec- 
tion with A. hrazilicnse an<l with .1. dnodenale in Portuguese West Africa 
(de Azevedo. 1938) 

5. The Malay Peninsula —From native kampongs or villages which are 
usually separate from the Tamil and Chinese villages, the parasite has been 
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fouiuj to be abnojit entirely yecator (only 0.25 j)er cent aiKyloitome-index). 
. 1 . lirazUiense in not niu-ununoii. 

0. Java, -(a) W^est Java. Tin’s is practically the same as that in the 
Malay Peninsula, /. e., less than 1 per cent ancylostoine-index. A. brazil- 
lease lias also been reconlwl fn»m this part of the island, (i) I\nd-Ja\a 
Ihere is a fairly liigli ancy]ost<)inc*inde.x (up to 10 per cent) in Centra) 
Java, <lue to contact with the (’hmese immigrants. 

7. Suaiatra, Ce/ehe-H and Sew Guinea.— AVeator is usually the predomi- 
nant sj>ecies, hut the index deiieiids on tlie contact witli Chinese immigrants. 
A. brazilien.fc i.s j)re.sent in Sumatra. 

8. Souihern India and CVy/o/i.— This is iiredoinin.antly a Necator infec- 
tion, Imt the ancyIost<ime-index may rciicli (>5 per cent, tlcpcnding on the 
mnuher of returned Tamils whoiiave been in contact 'vith Chinese carrying 
an infection of .Inrylosfoma originally acquired in China. A. braziliense 
is recoriled from f'eylon. 

9. Snrthcra India.— Imw (1915) stales that Necator is the only form 
found in the Darjeeling district but Sikhs who have been in contact ^u’tli 
Necator carriers in the Malay States for ten .\ears or more ha\ean anc\Io- 
stome-index of 51.2 tier cent. Likewise, indentured workers in Fiji. 
from the ('eiitral. I’uited am! Northuc^stern Provinces, after more than ny 
years’ residenee N\erc fo\iml to harbor 27.5 )>er cent Ancylostoma. A- 
hrazihensc oeeurs in Xortheasteni India. 

10. 6’mm.— 'I'lie only form found is&aid to be Nccaior (J'^W , 

11. French /mA^-C/nm/.—TJicoiilyform found is AVro/or(Noel"fr’’^™' 


1922). . 

12. C/nmf.-(«) 'rhe Cautoiiesc and Hainauese harbor Mcalor up to 
90 per cent. Tlie infection with Neca/or is progressively less up ^ 
to Shanghai, wliere possibly 50 j>cr cx*nt Necator occurs.^ 

there are few indigenous infections with Necator. Cases ‘i 

high AVcfitor-index Usually give a history of residence m South or 
(’hina. (h) The hill tribes of Fukien have been found to harbor a p 
Ancplostoina infection (Faust and Kellogg. 1929). „|fiire of 

13. Japan.— 'The autochtlionoiis infection consists of ^ ^ . -nd 

rinepfoatomn, but Nccaior has been intnxluccd by 

soldiers, .i. braziliense occurs in Fonnosa, although Acr® or is 
alent form. , , mfec- 

14. The Philippines. -V-Atn show about 12 per cent 

tion (Leach ct al, 1923). 'llie incidence of -1. braziliense is • PP_.. 

15. J/ieroMMui.— There is nearly . a pure AVcoyr m ec ion 

ancylostome carriers liave not colonized. A. broMi j. 

encountered. In natives of Guam Stoll (194f>) encouii 

A. duodenale. . . ,\Wator carriers- 

IG. Australia -The Queensland aborigines are 
In West Australia the aborigines are all given population 

The data demonstrate that tlie typ® of hookwo autochthonous 

at the present day varies on the one band arcordmff to tne 
index and on the other according to the f 
intermingling of peoples. Chinese have in 
the Alalay, Dutcli Fast Indies and parts oi - . 
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the Japanese and Italian colonization of certain states in Brazil is responsi- 
ble for the ancjlostome infection there The most profound transfer of the 
hookworm has been that imported into the Americas with the African 
Negro, and the imposition of this infection upon the American aborigines 
and European settlers. 

Incidence.— Stoll (1947) has estimated ttie total world incidence of 
AncyloMoma duodcmle and Xecator amencanus combined to be 45(3.8 
millions, including :159 millions from Asia, 2.8 from the U.S.S.H., 1 4 from 
Europe, 49 from Africa, 42 from tropical America and 1.8 from North 
-America. 

Epidemiology of Hookworm Disease.— While there is a tremendous litera- 
ture on hookworm disease, too much stress has been laid on “treatments” 
and too little has been done in learning about the underl\ ing biological and 
epidemiological reasons for the existing conditions. Baermann (1917), 
working on the problem in Indonesia, was the first person to devise a 
practical method of isolating hookworm larvse from the soil, and initiated 
the modern scientific study of the hookworm problem. 

There are two prerequisites for undertaking field in\estigation on this 
problem’. (1) Accurate mcthotls for determining the infective index in the 
infected population; and (2) similarly reliable procedures for determining 
the pollution In the soil. The former has become more and more refined 
until we now have concentration methods (see p 593), which are accurate 
for all practical purposes. The latter need K met by the Baermann appara- 
tus for the isolation of hookworm larv®. (I'or the use of this apparatus 
see p. COO.) 

With these tools at hand and the technic of their use perfected, the first 
essential step in undertaking a field problem of this nature is the selection of 
« lypical flrru in an infected district, on which and in which the survey is to 
he made Such a reconnaissance consists of three main parts which, how- 
CN er, are closely bound up with one another: (1) .\ preliminary sur\ ey of a 
representative group of the population to deteniiine the hookworm index; 
(2) an investigation of tlie prevalence and distribution of soil pollution in 
that area, and (3) a sur^ey to iletennine the natural and artificial means 
whereby the cycle of reinfection of the population is perpetuated. The 
problem has been carefully outlined b\ ('ort (1921) and iinestigations 


the need for an accurate measure of the avriM fiimfcn in an infected popula- 
tion, both liefore .uul following treatment. I>ata on u-orin incidence alone 
fall far short of the desireil end TJius far the only known way of gauging 
the relati\e iiumhcr of worms present in an infected individual is the 
utilization of the so-calksl eggH-oiintiiig technics. 

As is indirated in the life cycles of the l«H»kworms -I. duodentile and 
Necator ameriinnint, warm, moist, sliadetl, s.um1\ soil, with a considerable 
•amovmt of deeaymg wgvt.vtiou, constitutes the optimum culture bed for 
iiatching, fcwling and metamorphosis of the rhahditoal Iar\.i into the 
iiifwtive filariform larxa On loiitait with tlic skin thc'.c I.irvie initiate 
infection III m.iii .Sccoiid.irily, in moist wann dimatcs ficcs-soiled clothes 
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provide an ojjportunity for eggs in 

larvffi to proceed to the infective sta; ... 

who wash the clothes (Langhlin and Stoll. 1047'), Nprnfnr 

■ ‘ . ntries, 

■ ■ ' , • . .nates, 

out loaay there is much overlapping. IMan is the only important host of 
these two hookworms. 

CLINICAL ASPECTS OF HOOKWORM DISEASE 

Pathogenesis, Pathology and Symptomatology of Hookworm Disease.— Even 
before the etiological agent of the disease was known, there was clinical 
evidence indicating that persons seriously ill with the disease exhibited a 
variety of digestive disturbances, more or less profound anemia, palpitation 
of the heart and cachexia. Following the discovery of the hookworm as the 
causal agent, the elucidation of its usual portal of entry on exposed skin and 
its migration through the body via the lungs to the intestinal tract, the 
progressive pathology and symptomatology could readily be traced. 

The immary pathology occurs in three sites, namely (1) the skin, (2) the 
lungs and (3) the wall of the small intestine. 



X* 

•*•21 ' 




Fig 228 — Expenmenlal hook^oira in(ect>on. showing Bwelling ® ^ Hoot* 

hand and vcsfcle forfflaUon Second day (After Claude A Smith m oc 
worm Di&case, Courtesy of C. V. Mosby ConiiNiny.) 

I The Skm.-At the time of infection the lesions 
as the filariform larv« effect an entry into the , ...Ids in 

dermatitis, or “ground-itch.” Ashford (1911) described ns . , 
infection with Necaior americanva (Fig. 228) as first an in ens jj„g in 
burning: then edema and erj'thema; then a ...fncesof the 

vesicles, usually between the toes, or oti the lateral or hate 

feet. Some patients subsequently experience an /g,000 hook- 

a secondary pyogenic infection at the site of exposure. ^ a 

worm patients in Puerto Rico, Ashford found L.,, J — (1930) ha> 

history of initial dermatitis. On tlie other han , u 
found that “ground itch” is not common m infection 
duodetiaJe. . „ 

For a consideration of "crecjnng eru^on, cons i h- puluionary 
2. The Lnnf/J.— Following their arrival from “le s j,„oi]ary wP“' 
arterioles the migrating larva; bore their way out 
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laries into the air sacs, producing minute hemorrhages, with clotting and 
the development of new hemorrhages below the first puncture wounds. 
This results in the infiltration of leukocjles, later of fibroblasts, into the 
alveoli and bronchioles, ending in fibrous scars and emphysema. If the 
invasion and migration of the larvm is massive, lobular consolidation and 
bronchial pneumonitis may be produced. 

3. The Inicstine.—As soon as the adolescent worms in the small bowel 
develop a temporary mouth capsule, (i. e., during the last larval stage), they 
attach themselves to tlie vilh, and by suction and lysis produce erosion of 
the mucosa and stroma of the villi This occasions extravasation of blood 
from the intestinal capillaries. Much of this blood is pumped through the 
worm’s gut and excreted through its anus. This superficial destruction of 
the bond wall, with hemorrhage, is continued when the worms acquire 
permanent mouth capsules, so that by the time they begin to lay eggs the 
intestinal lesions are well initiated. From time to time the worms abandon 
the old, unprofitable sites and attach thcmsch’cs to new locations. The 
abandoned sites continue for some time to ooze blood and serum, and allow 


to the worm burden and increases the amount of intestinal pathology. 

Within thirty to sixty days after a massixe exj>osure to infection the 
characteristic symptoms, both objective and subjective, make their appear- 
ance. Infected individuals may be grouped into (a) acute cases, (b) chronic 
cases and (c) sjmptomless cases 

(a) Acute Cases.— 'Tlxae patients have been exposed to single, massive 
infections. About 30 to CO days after exposure, they develop prodromal 
symptoms of nausea, headache, lethargy and an irritating cough. This 
stage is soon followed by one with severe colicky pains in the pit of the 
stomach, flatulence and a iliairhca or a ilyscntery in which the stool is 
viscous and reddish black; in spite of a fair appetite there is considerable 
loss in weight and strength, dyspnea, dizziness and marked pallor. 

(i) Chronic Cases.— In moderately light in/cclions the patient seeks relief 
from dyspepsia and malaise. He experiences epigastric burning and 
flatulence, lias an abnormally large appetite, gastralgi.v, and dyspnea on 
s>h‘ght e.Ncrtion. His abdomen is painful on pressure His skin is sallow. 
He is nervous, "run doxvn" and is not qualified for heavy labor. With a 
iomeichat heavier worm burden the patient’s food ferments, cnteralgja is 
persistent, he has alternating diarrhea and constipation, he experiences 
dyspnea, precordial pains and palpitation of the licart. His nutritional 
balance is seriously disturbed. He is listless and expressionless, has puffy, 
pallid facies, flabby muscles and is weak-kneed. He lias a diminished 
patellar reflex; his feet and hands tinge and burn and “go to sleep" easily 
His skill becomes dry and harsh. He c.\i)eriences mental confusion. In 
men tlicre may be partial impotence, in women amenorrhea; in children 
then- is cliarac tcristically both physical and sexual stunting (Figs. 229, 230). 
The hemoglobin iiereentape is W) to 3(1. He is not fit for labor of any kind. 
Blaekic (1940) eonsiders hookworm rcsjjonsiblc for ‘■famine lassitude” 
obserxed among iiatixes in Nortlieni llhodc'sia. In this region in times of 
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famine the capacity for work diminishes out of all proportion to the degn-e 
of malnutrition which exists. In severe cases the anemia is profound, \\ith 
the hemoglobin percentage below 30. There is marked edema of the face, 
and the Hps are ashen. If the hemoglobin is reduced below 20 per cent, a 
macrocytic anemia, with megaloblasts and myelocytes in the blood strcaia, 
may develop. His feet and ankles become puffy and anasarca frequency 
develops. His appetite for food is lost except for bulky material to fill his 
stomacli and bowels, hence the syndrome of gcophagia. He has a fetid 




no 230 


.V.. 229 sub;ect aged 

Figs 229 and 230 -Clin.cal of of C. V. D'-e*'*’ 

.ars (After Dock a.id Ba^. Dock and Bas.. Hookworm 

1 10 230 —Boy aged fourteen yean.- (After bt 
Courtesy of C Y. Mosliy Company ) 




diarrhea alternating at times ''‘''I ^'Sre is 

extreme flatulence, sometimes a '"r '.Ics, gi' ' “ 

mental apathy ami ™ ,, i,,' |i„t climates- I " “ 

mania. The patient is persistently cniil, *■' , diolerie (liarrla-i 
r„ppnrtive Id specific relief, he suc-cnmlis to .. 

Cnses.-These idequate- inm. 

worms, lint on a nialiitamed "“""f ^ppr^ial.le p mP^ IkiIIi 

hundred worms imp- be present '"“V „„dert..len to c'-ih 
In more recent hookwonii iiu cbtJg.itioi 
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the clinical and public health aspects of the di&ease, the indi\idual and 
group significance of the infection has been measured by determining the 
number of hookworm eggs present in one cc. (roughly one Gm.) of formed 
stool. The rationale consists in the knowledge that the severity of the 
infection is proportional to the amount of blood mechanically lost day by 
day as a result of the activity of the hookworms attached to the wall of the 
small intestine, and this, in turn, is correlated with the number of worms 
present. Thus, (1) heavy infection (almost invariably of clinical grade) is 
defined as one in which more than 11,100 eggs occur in one cc. of stool; 
(2) moderate infection (not necessarily of clinical grade), from 2100 to 
11,099 eggs, and (3) light infection (seldom of clinical grade), fewer tlian 
2099 eggs (Scott, 1945). 

It is well established that a primary infection provides considerable 
immunity to subsequent exposures, while an adequate, well-balanced diet, 
containing iron and other minerals as well as proteins and vitamin A, may 
compensate for appreciable blood loss 

As a result of the mechanical loss of blood from the small bowel wall in 
patients with moderate to severe liookwonn disease, the hematopoietic 
mechanism is unable to compensate for the loss in number of erythrocj tes 


. r- 

istic of this disease is usually, but not always, correlated with the number of 
worms harbored It is believed that iVcca/or causes less disturbance than 
Ancylostoma. Human ancylostomcs have been estimated as capable of 
removing about 0.G7 cc. or more of blood per worm per dicni, IITnle this is 
probably true for worms wliich ha\ c just become established in the bow cl, 
It IS likely that older worms produce a considerably smaller blood loss, 
possibly not more than 0.1 cc. per worm daily The experimental studies 
of Foster and Landsberg (1934) and the clinical studies of Rhoads, Castle, 
Payne and Lawson (1934) have convincingly demonstrated that the intesti- 
nal hemorrliage produced by hookworms results in the development of a 
microcytic, hypochromic anemia. 

Yokogawa (1937) Ims found, in 4 scries of human experimental infections 
w ith hookworms, tliat the anemia begins to appear in ten to tw enty weeks 
after exposure, and increases with time. During the initial period of 
infection a pronounced leukocytosis (up to 17,000 white cells) occurs, with a 
predominant eosinopliilia (as high as 55 per cent in some patients). The 
iiypcreosinopliilia may persist for weeks afte^\^a^ds, when the total leuko- 
cyte count has returned to normal and the crythropcnia has assumed the 
significant role. Suarez (1933) studied 19 uncomplicated cases of hook- 
worm disease m Puerto Rico. On admission tlie patients all had a charac- 
teristic hypochromic anemi.i, with an erjthroc^\te count varying from one 
to three and a half million cells i>cr cmm. of blood, reticulocyte count 
negative or subnormal, a low mean corpuscular volume, a low mean cor- 
Jiuscular hemoglobin, a leukocyte count from 5200 to 10,000 per cmm. of 
blood, and 2 to lo per cent cosinophilia. There was no correlation between 
. ' ‘,aiidiioslgiiill- 

■ . . jod cholesterol, 

2S 
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Although tlie inechaiucal Iosj> of bloo<l from the bowel wall (as a result 
of tlie pumping action of the hookworms attached to the mucosa and to 
seepage from the ulcerated lesions which they produce), is most probabij 
the fundamental cause of the hookw'orm syndrome, this information fails 
to tell the entire story. In the Philippines Leach el al. (1923) discovered 
some patients who liarbored more than a thousand worms and yet showed 
no serious effects of tJieir worm burden. In otlier patients, who w ere para- 
sitized with only a few worms, there was evidence of serious illness. The 
most imjiortant jircdisjiosing factor is chronic maJmjiriiion, especialJy in 
races whose diet is poor in animal proteins and iron. These semi-star\ed 
indiv'iduaJs are the ones most commonly exposed to infection, and their 
nutritional maladjustment both invites and permits a sustained heavy 
hookworm infection. By way of contrast, even without the benefit of 
specific tiierapy, the administration of a balanced, nourishing diet, supple- 
mented with iron, corrects the anemia (Khoads, Castle, Payne and 1^’;^ son, 
1034). 

Since jirotcin deficiency is a very important contributing factor to the 
synthesis of hemogloliin (i. e., about 96 per cent of the hemoglobin molecule 
is derived from dietary protein), even with an adequate intakeof absorbaWe 
iron anemia may develop .and jHirsist if the plasma protein level is subnor- 
mal. This is frequently tlie situation in hookworm belts, where the food 
consists of an excess of carbohydrates and an insufficient amount of good 
quality proteins. ^Moreover, the low plasma protein JeveJ contribulw 
appreciably to tJie edema of so frenuentl.y observed in areas 


wliere hookworm disease Is hyp 
have been emphasized anew by j 

hookworm disease and its control ill uic ov«v..v... ^ .... ^ ■ i fes 

Oecasionally' tlie blood picture in severe hookworm infection 
a primary anemia, with tlie hemoglobin index above unity (Ashford, . 
Silveira and de Mourn Campos, 1937). This may result from a pro s 
mechanical loss of blood, or it may <lev'eIop in individuals witli a con 
tional predisposition to a primary anemia. ^ ^ 

Porter (1937) has demonstrated that in chronic 
following physiological adjustments tend to compensate for ® ^ 

There is an increased ^dtal oipiicity of the Jungs, even m excess ° ^ 

natives of high altitudes, and .a tissue tolerance for oxygen ^\an . , 

blood pressure may be normal but the systolic pressure is ^ 
strating that there is no "circulatory compensation for a re , j.;-, 

carrying capacity of the blood.” The skin pallor is sign o r pssentwl 
pheral circulation as well as Hb deficiency, to meet t e 
demand for greater volume of blood in the vital organs. ^ tendency 

In areas where hookworm disease is common, thes is no but 

to physical, sexual .and mental retardation in children 

even in child-birth the disease may take a tremendous o • jjj,ation of 

(1935) reckons this disease in India to Jjc a puerperal sepsis- 

pregnane ' ’ 

In his sti 

90 per ce..u — 

nancy, their average blood urea w.as increased iruui 
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cent and their renal function correspondingly lowered. In these patients 
cardiac shock constituted the most common immediate cause of death. 

In addition to the general picture of severe and continued hoob\orra 
disease which has thus far been presented, it is important to note that there 
is not infrequently an associated nephrosis, with albuminuria, hyper- 
cholesterolemia and hypoproteinemia, all of which usually result from tlie 
low and qualitatively poor dietary protein. Moreover, the symptoms of 
lethargy, geophagla, impotence, stupidity and decrease in patellar reflexes, 
and especially morbid paresthesias and blurred vision suggest the intoxica- 
tive effect of the disease on the central nervous system (Chalgren and Baker 
1940). 

Bonne (1935, 1937) has reported 6ve autopsy cases in which A.braziliense 
eggs, larvae and adults were present in tlie submucosa of the jejunum, w ith 
marked leukocytic infiltration (primarily eosinophils), and w ith consider- 
able local tissue destruction. In one patient peritonitis had developed 
follow ing perforation of the j'ejunal wall. 

Diagnosis.— This is based on finding the characteristic hookworm eggs in 
the feces. Persons suffering from moderate or severe hookworm disease 
can almost invariably be diagnosed by microstopic examination of uncon- 
centrated fecal films. Although concentration technics (tide pp 539) 
greatly increase the yield of eggs from stools of lightly infected individuals 
or population groups, the discovery of many eggs in a concentrate is apt to 
produce an overemphasis on the clinical significance of tl>e diagnosis 
Wliatever technic is employed in evaluating the severity (i. e., worm 
burden) in the individual hookworm patient or in a community, it must be 
home in mind that, on the average, fewer than 2000 eggs per cc of formed 
stool indicate a light infection, which is seldom of clinical grade; that a 
moderate worm burden, in part clinically important, is correlated with an 
egg count ranging between approximately 2000 and 11,000, and that an 
egg count in excess of 11,000 is almost always clinically significant For 


shape of Ancylosiovia and Xccalor eggs, in practical diagnosis they are 
difficult to differentiate. Slrongyloidcs eggs, w hich are similar in appearance 
but slightly smaller (50 to 58 by .30 to 34 ti), are evacuated only after 
purgation, or in patients w ith a persistent watery diarrhea The eggs of the 
several species of Trichostrongyius are larger (7.3 to SO bj,- 40 to 46 ti) and 
have more elliptical einis, but may be confused with hookworm eggs b\ 
inexperienced diagnosticians. 

“CREEPING ERUPTION" 

Biological Data.— Various clinicians iii the Southern United States, 
p.irticularly in Florida and Te.xas. ha\e from time to time obsened cases 
of so-called "creeping eruption," bclicxcd to ha\e been due to fly larxie. 
Kxtensive observations and inx estigations by Kirby-Smith (1917-1927). 
and by Kirby-Smitli, Do'e and Wiitc (1920, 1927) in tlie xicinity of 
J.ick.xon\ ille, Florida, where the disease is a serious ami extensive clinkal 
entity, have resulted in the iliscoven that tlie etiological agent is thcfilari- 
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fonn larva of Ancyhsloma bTOziUensi. The iiifection I's usually contracted 
alter contact of exposed n.arts of „.:*i . • i 


*..v/oL, «aiiu ujonijjs of tftc year. * 

^ iVItliougli isolated instances of “creeping eruption,” due to cutaneous 
invasion witli this Jarv’a, or tlie infective-stage iarv® of other hookworms, 
nave been reported from areas outside the coastal, sandy regions of the 
Southeastern United States, as, for example, on the bathing beaches of 
i\fatinhos and Ilha do Mel, Parana, and those of Sao Paulo State, Brazil, 
the strains to which man in exposed in South America, Africa and the 
Orient are apparently better adapted to man and, after penetrating the 
deeper layers of the skin, proceed to normal developraentin the small boTreJ. 
Furthermore, Africa (1932) suggests that tlie vitamin content of the food 
tiiay contribute to the type of infection produced in different peoples. 



0- asi — Tl»o early lesion of '‘creeping croplion - uo* 
t(o/na iraii/icrwe, infecti\o-atage (filnriforin) larv®. The circle indiwtes the si 
at tho blind end of the tunnel. (After Kitby»Sm»th, South. Med. Jour.; 

The Cattle hookworm, , 

<as a causative agent of “c. 
stage larva of this neinat' 
into the skin and migratic . , ,, 

tissues parallel >1. brasfhVn^c. ^ „ ,.,ja{sh. itchy 

Clinical Data.— At the point of iimision of the skin a of a 

papule develops. Within two or three d.iys the tJjelaxt® 

linear, tortuous or serpiginous subepithclial tunnel, pro 
migrating within the skin. {Fig. 231.) It is ^ patient 

itching, which frequently provokes scratching on the P ^ parrow 

and leads to secondary infection. 

erythematous track along the path travereed by the w • 
elevated line can be palpated; this line becomes ^ , crusty- The 

of the abandoned portion of the channel . .L, e^ch day- 

larva migrates from a fraction of an inch to , ,p. 932 ], ‘‘fthough 

lesions may be present on every iwt of the bo y ( ^ The 

invasion of the larvce most commonly occurs on 
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tunnel is witliln the sfralum. jcrminaUntw and usually has the corinni as a 
floor and the stratum granulosum as a roof. Local eosinophilia and round- 
cell infiltration may be present in the immediate vicinity of the lesion. The 
migration of the larva may continue for several days or even weeks. Its 
final fate has not been demonstrated, although Fiilleborn (1931) described 
a wandering nematode larva, possibly of a species of hookuorm, uhich 
persisted on the hand for twenty-four years. 

The lesion produces an itchy sensation, which is almost intolerable to 
some patients, causing insomnia, loss of appetite and, m certain extreme 
cases, loss of u eight and vitality. 

“Creeping eruption” resulting from invasion of the skin uith hookuorm 
larvas requires differentiation from that produced by the spiruroid nema- 
tode, Gnatkostoma spinigerum (tide pp. 487), as uell as the more frequent 
cutaneous myiasis, occasioned hy the maggots (lar\'®) of flies, especially 
of the genera Gasterophilus and HyjjoJerma (See Faust, in Craig and 
Faust, 1945, pp. 689, 693-098.) 



Therapeusia . — Successful treatment of “creeping eruption” produced by 
hookA\onn larvis has been effected by the local application of ethjl .icetate 
in collodion, local freezing with ethyl chloride spray or carbon dioxide 
snow, and by radiotherapy. There is no evidence tiiat systemic administra- 
tion of tartar emetic, fuadin, ncostibosan or ox> phenarsine hydrochloride 
has any specific action on the worms Kirby-Smith (1935), on the basis of 
his extensive clinical experience with tliis infection, recommends ethyl 
cliloride spray as the treatment of choice. Secondarily infected lesions 
should be treated with bactericidal or fungicidal agents before specific 
thcrapeusis is instituted. ^ . 


luticnt with a minimum toxic effect on tlie patient. Various drugs ha\e 
been tested but rclatuely few haxc been found to lie efficient. Cains and 



m 


^’K^L\TODIi PAJtASri'K.S OF MAX 


‘ ■■ ■ ■ ciiiciency of more than seventy drugs 

Darling and his colleagues (1920) in the Malay States, Java and the Fiji 
Islands carried out clinical tests on thymol and oil of chenopodium, both of 
whicli they found promising. Carhou tetrachloride, tetrachloretbykne and 
iiexylresorcinol were all assaj’etl in the pharmaceutical laboratory before 
they were used clinically. 

dcneral J/onojicjMCHt.— Since patients witli hook^Yo^n disease are suffer- 
ing from anemia anti frequently in highly endemic areas also from inaJe- 
tjuivte dietary jiroteins, it is essential to rectify these deficiencies. If the 
anemia is severe, wliercver possible the patient should be hospitalized and 
two or three transfusions of whole blood administered. This will not only 
temporarily increase tlie circulating red blood corpuscles and reduce the 
oxygen want but will similarly partly relieve the deficit in plasma protein. 
As soon as possible the patient should be given a well-balanced diet, r^ith 
adequate cariiohydrates to care for metabolic needs and rich proteins to 
repair tlie hypoproteiiicmia. Possibly protein concentrates should be 
cousiderctl as supplement to the dietary protein. Iron must also be fw 
Ferrous sulfate is tuost satisfactory and iu taste can he jiartly concealed 
liy mixing it witli flour. Cruz and <le Mcllo (1945) recommend ferrous 
sulfate in tlie amount of 1 Gm. per day until the hemoglobin Ie\ el is rais^ 
to Kl-ll Gms. |)cr cent, then 0.5 Gin. daily for SO days, followed by 0-^ 
Gm. for anotlier 80 days. Usually in one to t\Yo weeks after 
general therapy tlic patient is much improved. Specific therapy shouJ 
undertaken as early' as tlic patients’ condition warrants. 

Thymol . — This drug lias been used for eradicating human 
and soon theioaftcr became generally adopted for this purpose, althoug i 
critically assayed ' 

(1019) With a , 

cent M orm rciiioi ■ rv.^r.Tn. (1936) 

Ashford and igaravidez (19IJ) obtained 68-8 per cent cures. .^oggjjins) 
lecommends for an adult t« o or three divided doses of 1 „ oQ^mni 

each, of the powdered or finely granular product, mLved with c 
bicarbonate, and follow ed within two hours by saline t* irritate^’ 

Even under careful inanagcnicnt of the iiatient tliymo is . ' ^g, stew- 

mucous membranes; it first stimulates, then depresses the ecu „ jiritafes 

It i>roduces headache, vertigo, tinnitus, and subnormal temper ’ jt niav 
the kidneys and frequently pioduces albuminuria. When gwe 
result m collapse aero It has been 

Today thymol is less frequently used tl\an it was even a which ha\e ^ 

generally superseded by anthelmintics wluch are more e 
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the immediate bupervision of a phyacian who knows its toxic properties. Today oil 
of chenopodium is not used for hookworm eradication, e.\cept in combination with 
carbon tetrachloride or tetrachlorethylene. 

Carhon Tetrachloride (CCU) — Carbon tetrachloride has been known to have 
anesthetic powers for more than three-quarters of a century, but its use as a vermi- 
cide was not demonstrated until Hall made a study of its effect on the strongylcs of 
domestic anmials. The results he obtained were so successful that in 1921 he called 
tlie attention of the medical profession to the possibility of its u&e m human hook- 
worm therapy. Following this Leach (1922) in Ceylon and Lambert (1924) m Fiji 
made careful preliminary investigations on its jiotency and its effect on patients 
Leach used up to 12cc.of the drugwith no untoward effects and, in cases of prisoners 
to be hanged, wliich were treated and later came to autopsy, no hookworms were 
found, although Eiilerobius and Tnckoccphalus still remained attached to the ce- 
cal w all In Lambert’s preliminary tests 96 to 98 per cent efficiency w as obtained 
by the administration of 3 cc. of CCL. He secured 85 per cent cures from the first 
dosage. Following these tests, Lambert treated more than 100,000 cases, and with 
tile single-treatment method reduced the infection from nearly 100 per cent to 9 
per cent without the loss of a single case. The cost of the treatment was less tlian 
9 cents gold per patient. The dosage given was 0 2 cc for each year of ago up to 
fifteen years, when the adult dosage of 3 to 4 cc was administered The drug was 
placed on a tablespoon, floated on water and swallowed. After preliminary tests it 
was found that routine MgSOi purgation three hours after tlie drug had licen ad- 
ministered removed practically all of the after-effects Leach Iiad similar success 


manelous ” However, certain of their cases had toxic after-effects, behoved by 
them to bo duo to the drug (i e , fatty degeneration of the liver), but these cases 
wore chronic alcoholics Tins led them to try out smaller dosages (1 to 1 5 cc ) 
winch they found unsatisfactory They concluded tliat 3 cc. is the maximum safe 
dose for an adult They recommended the use of the drug as follows (1) light 
supper, (2) no breakfast; (3) 7 a si CC1« (c p ) given m doses of 2 minims per j oar 
of age up to the maximum amount, administer*^ either m gelatin capaules or floated 


produces fatty degeneration of the liver cells, with jaundice, vomiting and biliru- 
binemia Once in the general circulation, it deprcb&cs the circulation and the heart 
tone, causes giddiness and frequently drowsiness In ca'se there is a low scrum 
calcium, there may be tetanic convulsions, cloudy swelling and fatty degeneration 
of the kidneys Deaths following admimstration of this drug have almost without 
exception been in chronic alcoholics, vagabonds or per'-ons with hcjiatic ami 


carbon tetrachloride treatment alone Tlie aiO'^t efficient, and at the same time the 
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safest, combination of these antliclmintics, together with pre-treatment preparation 
and posWreatment care, is as follows (adult dose): (1) light supper; (2) sodium 
sulfate (Glauber salts) purge (one-half ounce or 15 Gm. in a glass of iialer) before 
retiring; (3) no breakfast; (4) 2.7 cc. CCl, (c. p.) and 0,3 cc. oil of ehcno|»diuia, 
^ tablespoon; (5) two to three hours later, sodium sulfate purge; and 
(6) light noon meal. 


TeiracMorethylene (C2C/4)— This drug was recommended to the medical 
profession for trial by Hail and Shillniger (1925), who found it to be ^ery 
efficient and essentially non-toxic in removing hookworms in dogs. It has 
been investigated pharmacologically by Lamson, Brown and IVanJ (1932), 
who found that it does not irritate mucous membranes, and produces no 
appreciable damage to the liver parenchyma or glomeruli of the kidne^s. 
Shapiro and Stoll (1927) estimate that a dose of 3 cc. to an adult patient 
removed 93 per cent of the hookworms; Kendrick (1929) gave it an S9.8 per 
cent worm removal rating; while Pessda and Pascale (1937), using 4 cc- 
doses, obtained a 95 per cent removal of necators. It has been used on 
hundreds of thousands of patients, witli not more than three or four deaths 
and characteristically no serious sequel®. The only ill-effects noted 
following its administration have been transient headache and vertigo- 
The recommended dosage of tetrachlorethylene is 3 cc. for an adult, 
3 minims per year of age for children. Preferably the patient should abstain 
from taking alcohol or absorbable fats for two days before treatment, and 
on. the preceding night eat only a light supper and take a Glauber salts 
fNa?SO<) Durcc (one-half ounce or 15 Gm. in a glass of water). On the 


allowed until a copious evacuation of the bowels has been obtained, 
in bed during treatment is indicated. _ _ ^ ... 

Contraindications.— There are no known contraindications to ~ 

this drug, but in administering the drug to children it is advisable to wp 
them in bed during the hours of treatment. Only the fresh p 

should be employed, since the preparation in old globules or the rug 
exposed to the air for more than a brief period tends to decompose, 


the formation of phosgene gas. 

Cnjstoids Anthelmintic (Ilcxylresorcinol, Cayrol'oT).—'l-\\h 
relatively high rate of efficiency in evacuating obtained 

amounts of 1 Gm. Lamson, Brown, Robbins and >>ard ( 

80 to 89 per cent worm removal (necators) and 42 per cent cur , 
two consecutive daily doses of 0.G Gm. each, 85 to 9 ^ P , 
removal and CO to 88 per cent cures. The patients, most > ^ 3 ,i 

were given saline purgation the night before treatment, . post-treat- 
empty stomach in the morning, fasted until noon and ^ ere g . ^ -- p^r 

ment purgation. In the autlior’s espericnce efficiency (cr 

cent worm removal rate. However, in spite of j above, 

evacuation of hookworms, when compared with the taJvcn v'hb' 

it has the advantage of liigh efficiency in ascariasis an • . combined 
out interfering with daily routine. It is the drug , , . q.i and 0.2 

hookworm and Ascaris infections. The drug i'^ a' i or cnislad 

Gm. hard gelatin capsules. The capsules must j, 

before swallowing and must be taken on a fasting s 
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Mass Therapy.— 'Y\\a recommendations which ha\-e been made above for 
the evacuation of hookworms, together w ith supportiv e treatment in hook- 
worm disease, are intended for use in indmduals or small groups, who can 
be adequately diagnosed and treated in infirmaries. For tropical villages, 
or estates and plantations having large groups of laborers, but with limited 
facilities for hospitalization, these recommendations may not be practicable. 
In' heavily inft 
(Darling, 1920, 

Lane technic (pp 

entire community is subjected to a single treatment with an anthclmintii 
potent enough to eliminate the majority of the hookworms but sufficiently 
safe to prevent serious sequelae. Tetraclilorethylcne (because of its low 
toxicity) may be given in therapeutic doses, either accompanied or followed 
within an hour bj’ Glauber salts (sodium sulfate) or Epsom salts (magne- 
sium sulfate) purgation. However, as Chandler (1929) has pointed out, in a 
heavily infected population, tlie soil is for some time afterwards a source for 
acquiring reinfection. Thus, several mass treatments, spaced a few months 
apart and accompanied by the establishment and use of the appropriate 
type of sanitary latrine, are needed to reduce hookw orm infection in the 
community to a clinically negligible status. 

Prognosis,— Except for the relatively few individuals w’ho come to the 
clinic in extremis, prognosis is good to excellent, provided a nutritious, 
balanced diet, with iron, is secured and specific tlicrapeusis is carried out. 

Control,— As Scott (1946) has pointed out, well-nourished individuals 
have enough resistance to pre\cnt the establishment in the intestine of 
hookworms in sufficient numbers to cause appreciable anemia. It is the 
malnourished persons, who have lost the protcctne balance, m whom 
extensive or repeated exposure produces a heavy hookworm burden, w itli a 
drain on the hematopoietic system already near its maximum compensa- 
tory limit. The degree of anemia should be determined by lib detcrmiiia- 

f 


the sanitary disposition of night-soil; and (3) treatment of infected inili- 
'iduala. The first and the third metliods tend to reduce the infection in 
man, while the second and third reduce tlic source of infection 

In the United States and simitar areas of infection in Eurojie the pnigr.im 
for prc\ention may be stated as follows. 

1. Every person, w’ho can possibly .dlonl to do so, should wear shoes the 
year round, and miners in infected are.is should wear leather glows and 
otlier body-covering. 

2. E\ery person should use cither toilets connected with sewers, or 
i'anitary I.itrincs Sewers are in use in the large cities of the Southern 
United States and are known to constitute a \cry important agency in 
reducing all forms of intestinal diseases They can and should be c.xtcndcd 
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into the smaller cities and towns. Sanitary cesspits can be utilized in the 
homes of persons of^ moderate means, but there is still left a moiety of tlie 
population unsuppJied with such improved sanitary con\'eniences. Fur- 
thermore, it is just this part of the population that is most seriously affected. 
Sanitary latrines have been talked about and devised ever since the hook- 
worm problem has been appreciated by sanitarians, but in practice thej 
have usually been a failure, either through faults in the type of construction 
or because of expense of such a building, or through inertia on the part of 
individuals to use and maintain them. For the rural community a closed- 
back latrine, with a deep pit and bouse set upon the pit, is desirable, so as to 
prevent animals from grubbing into the hole. In places uhere poor, 
insanitary and uncomfortable outhouses are provided, the individual 
frequently chooses a place 
this may meet the tempore.-^ * 

the most intense be<l for hookworm larvae to breed. In many tropical 
countries the bore- 
to be much more s 


shouH h<* 
be ni' 

witliL, ....j «... 

built and giving administrative officers power to enforce such reguiaiion* 

3. Anthelmintic medication should be carried out for individuals, sm. 

groups or larger populations wlienever stool examination ^ 

the need based on incidence of infection and worm burden, this 
determination is possible only by means of quantitative egg coun s. 
direct fecal films and concentration technics are essential, the 

detect light infectious (Keller and Leathers, 1940). t,„rtl-«nTin 

4. Careful attention should be given to the diets of the . 

, 1 movb^ndennate in calories, almost imariacy 


iron in concentrated form, as ferrous sulfate. H r-Inemas as to 

5. The public should be educated by popular lectures an , 
the causes, Josses due to, and methods of practical con r 


disease. . ,. eumpvs to check 

6. Fund must be made available to make periodic re 


hookworm control. The greatest success h^ etc.), 

interest and support of plantation owTjers (tea, co economic 

proving to them that hookworm prevention is of positp 
This work has been carried on along the i iLje Citrines near 

o. Constructing of sanitary outhouses or 
"coolie-lines.” 

b TrpotTnpnf of infected individuals. ^ 
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of agriculture, an additional factor is mvohcd, namely, the danger from 
conservation of the feces and spreading of it on the soil Oldt (1926) lias 
shown that the 
a 12 per cent sti 

embryos within' . o 

important in view of the fact that the day is not far off when Western as 
veil as Oriental nations will have to return all fertilizer, including human 
dejecta, to the soil. 

Man I'reafmcnt.--‘'By mass treatment is meant the administration of 
\ ermicide to large or small bodies of people— all the inhabitants of a coin- 


mass treatment are: (1) The difficulty of identifying and locating indi- 
viduals; (2) tlie reduction of soil pollution resulting from the treatment; 
(.3) the psychology of the “follow the crowd” instinct, and (4) the bringing 
of larger groups under treatment. 

In the Southern United States hookworm disease is no longer the exten- 
she clinical or public health problem which it was at the beginning of the 
century, when Stiles initiated the hookworm surveys. There is still rela- 
tively widespread infection, with areas of hyperendeinicity in southeastern 
Georgia, parts of Florida, Alabama, Mississippi, Louisiana, and in eastern 
Texas. In the Tropics and some Oriental countries extensive hookworm 
infection, frequently with an axerage heavy hookworm burden in the 
individual, persists, in spite of the prolonged intelligent attack on the 
problem by the International Health Division of the Rockefeller Founda- 
tion and by the Public Health Departments of local governments. Oiilj Ly 
persistent attack on the problem can hookworm be eliminated as a major 
menace to health in w’arm countries 

SupEKFAJiiLY Tkichos.trongyloidea Craxi, 1927 
This superfamily is composed of strongi'late nematodes in which the 
buccal capsule is lacking or only rudimentary. They are long, attenuate 
worms, with a conspicuous bursa copulatrix. All of the human parasites 
in this group belong to the tj'pe family Tnchostrongyhda Leiper, l^l-» 
species of which are characterized by lacking a buccal capsule and 
apparatus, and by having a laige bursa with well-developed rays. 1 hese 
species are commonlj’’ parasitic in the digestive tract of ruminants an , 
except for Trichosfwngyliis orientalis, are less commonly parasites of man 
than of herbivorous mammals. All of the members of this family • 
known life histories require only one host, but ha\e a free lanal peno 
Species belonging to the genera Trickostrongylus, Ostcrtagia, lixmonc nis 
and Mecistocimis ha\e been reported as parasites of man. 

Genus Tiucuostbongylus Looss, 1905 
(genus from ffpif, thread, and erpoyyv^ot, round) 

Stoll (1947) has estimated human infection with the set cnil siKCies of 
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Trichostrongylus to be 5.5 millions, with 1.0 million assigned to the U.S.S.n. 
4.5 millions to A^sia and elsewhere incidental. 

Trichostrongylus colubrifonnis (Giles, 1S92) Ransom, 1911, (The 
serpentine trichostrongyle, producing tricliostrongylosis colubriformis.) 

Sjnonym&.—Strongylus colvbriformh Giles, 1892; Strongylus inslabilis Railliet, 
1893; Strongylus suhtilis Looss, 1895; Strongylus retorlxformis Zeder, 1800 pro 
parte; Trichostrongylus svhtxlis Looss, 1905; Trichostrongylus tnsfabilis (Railhet, 
1893) Looss, 1905; Trichostrongylus delicatus Hall, 1916. 

Biological and Geographical Data. — Trichostrongylus colubrifonnis is a 
small, slender worm , with a reddish or creamy color when alive. It has been 
recorded from the duodenum and fourth stomach of se\eral ruminants, 
including the domestic sheep, Dorcas gazelle (Gazella dorcas), Grant’s 
gazelle (G. granti), the Arabian and the Bactrian camel, the goat, 
prong-horjied antelope (AniUocapra americana), the sable antelope 



Fia. 233 —Trichoitranoulutcotubnformi*. . 4 . bursaot male Morm, X -50!^' • 
spicules, ventral and profile views. X 250; D, posterior end of female Tiorm, X 
Looss, m Ccntralblatt f. Baktcrioloeie u Parasitenkunde.) 


(llippotragus niger), the roe deer and the bharal (Ovis nakura). 

been found in the small intestine of the Arabian baboon {Papio hania ’ 

the Java ape (ilacaca cynomolgus), squirrels {Sciums aoerh jnii 

S. carolinensis), the rabbit (in Java) and has been 

infection in Egypt (Looss), India (Lane, Chandler), Armenia ( a . 

Java (Lie Ivian Joe) and the Atherton tableland of Aus ‘ n 

male specimen of this species has been diagnosed by the a 
surgical appendix of a New Orleans patient (193p. fl941) found 

In post-mortem studies conducted in Jaw Lie Ivian ^ , '•„2 Chhiose, 
40 per cent incidence in 119 Indonesians and 19 per ,1 /73ina.\i' 

although the number of worms recovered was consisten j 
mum). However, in one necropsy from an j prom 

5000 T. colubriformis and many hookworms were 0 . . 
years of age to fifty years or more in the Indonesian 1947). 

of human infection remains relatively constant 't ^ ’ j jj greatest 

The male worm has a length measurement of 4 to • ' ^ Q„ly about 

diameter of 80 m in the prebursal region. The heau m < 

10 in cross-section. The bursa is bilobed (fig- - ‘ ’ 
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lateral ray usually broader than the other rays, and the postero-l.iteral 
small and closer to the externo-dorsal than the latter is to the dorsal. The 
dorsal ray is bifid, each branch having a double point. The spicules 
(Fig. 233* 2^, C) measure 135 to 145 m long, while the gubernaculum (Fig 
233 C, left) is slender, of a bright yellowish-brown color, and has a lengtli 
of 70 M The terminal portion of the spicules is fairly sharp, with a definite 
but not high elevation. 

The female worm measures 5 to 6 mm. in Iciigtli by 80 p m diameter at 
the level of the vulva, with a gradual tapering towards the anus (Fig. 
233 D). The distance between the anus and the caudal extremity ranges 
from 55 to 70 n. The vulva is longitudinally elongated, measuring 50 to 
55 M The eggs are oval-elliptical, transparent, and measure 73 to SO p in 
length by 40 to 43 ti in lesser diameter. They are usually discharged in the 
morula stage of embryonation and under favorable conditions of warmth 
and moisture may hatch in twenty-four hours, or may surMve long cold 


anterior portion, a constricted region behind the esophageal nerve ring, 
and a typical, posterior bulbous swelling- They have a distinct dorsal hend 
at the level of the anus. The attenuate postanal region terminates m a 
minute knob. There are three free-living larval stages, with two ^edyses 
The semi-filariform third larval stage, which has a lengtli of about 090 m, 
and has a slight serpentine cur\-e to its hotly, may develop within 00 hours 
after hatching has occurred but more often requires 90 hours. Its tail is 
bluntly rounded but is provided with a minute, sharp terminal process (as 
contrasted with the sharply pointed tail of hookworm larytc and the lorked 
caudal terminus of Strongyloidcs lar\-iB of this same stage). 1 his mk-ctiye- 
stage larva of Trichostrongylvs is very resistant to desiccation (.Moiinig, 
1927). 

Normally this larva is ingested by its host, along 
reaching the small intestine casts its sheath (third ecdysis) an ^ 

into the intestinal muco 
lumen and, after a four 

end into the intestinal . . , - , 

period requires about three weeks, as determined in go-a s 

^ EpS^obgy.-Human infection is iiieiJciital to .tl'»t i" '''*‘' 1 "™“^ 
mammals, which are reser\'oirs of the worms. Ihe mfee ne-s g . « 

survive as long as 15 months on pasture lands and withstand severe 

droughts. Infection is acquired per os. 

Pathogenesis, Pathology and Symptomatology. In man t le 
predominantly at the levels of the duodenum and jejunum hut thej m. > 
extend from tlie pylorus down through die small intestine, lii case mrge 
numbers of these worms develop in the human iiitcstme, thej > I 
a severe secondarv anemia, due to the blood-sucking la n s 
and possibly to toxins which they secrete mt« '"1 ^1 V, , v a 

experimental human infections lac Kian -roc (194<) «> >s 
transient coainophilia (maxiimiin, 10 per cent). 
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Diagoosis.-Upou finding the characteristic ellipsoidal eggs in the lem 
of a suspected patient. These eggs are ranch longer and have more poinlfii 
ends than hookworm eggs, but the eggs of the several species of TriAo- 
stmngyhis are difficult to differentiate from one another. (See Fig. 237.) 

Therapeusis.— Similar to tliat for hookworm infection. Jlonnig (193S) 
recommends tetrachlorethylenc, but it is doubtful if this drug or carbon 
tetrachloride is as satisfactory for trichostrongylosis as it is for hookvotni 
infection. 

Prognosis.— Usually good. 

Control.— iSlan acquires the infection from consumption of raw plant 
stems and leaves contaminated with the dung of parasitized reservoir hosts, 
in a medium sufficiently moist during the incubation of the larval stages to 
permit their development, but possibly very dry at the time accidentally 
ingested by man. Hence, care not to ingest gross stems or blades in 
enzootic foci will probably' prevent human infection. 



Trichostrongylus probolurus (Railliet, 18UG) Loosa, IDOo. 

Synonym.— Slrongyfus proftolurus Railliet, 1890. r-ffiicdomeiOc 

This species has been found as a natural infection in tlic duodenum 
sheep, the Dorcas gazelle, the Arabian camel, the Bactnan c^e cases haif 

and East Africa, Europe, Asia, North and South America. The by 

been reported from the Egyptian fellaheen by hooss (lOUo;, 

•rr- I e Kir CI-T^inlUn Ttifl SrMllllZ , - 


Kaknlarian (1927), and from 
In color, shape, and size thi 
colubnformis. Tlie latcro-ven 
rays (Fig. 234A), while tlie es 
curves so far dorsad that its t 
ray. The spicules (Fig. 23-15, 
and relatively thick ‘ ' 
and a sharp angle fa 

low magnification. ^ -o-;-- 


a rnn'pjcuousm'**' 


rtf Ihr IfOtlV 


76 M long. The transparent ellipsoidal eggs measure , 0 to JXJ 
in lesser diameter. (See P'ig. 237.) 
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Tlic life cycle of the worm, symptomatology of the infection and proplylactic 
aspects are similar to those of T. cciuhnfonnis. 

Trichostrongylus vitrinus Looss, 1905. 


iclatively more slender and straighter, the ventral and the postcro-lateral heing 
conspicuously straight digitate processes. The spicules (Fig 2355, C) are long 
(ICO to 170 n); tlie acuminate points lack the hook-like projection of many sjiccie'’ 
of the genus The slender gubemaculuni measures 85 to 95 m length The female 
(Fig. 2355) is buhcyhndncal from the level of the loop of the posterior os arj- to the 
.inus, while the post-anal portion becomes reduced to a sharp point with a 
.sonicwlut \entral cur\c. The \'ul\a is short and oblique in position, with slight 
elevation above the surface. The ea^s are transparent ellipsoidal objects, meas- 
uring 84 to 90 M in length by 4C to 50 ^ m les.ser diameter. (See Fig 237 ) 



Thn life cycle of the »orm, .ymplimulolosy ot ll» mlccliou ai.J iiroplLJ lactic 
a'-jiccts are similar to those of T. coUibriforvus 

Trichostrongylus orientaUs Jiinho, 1914 CI'lic orient., I trichnatronsj If, 
producing tricliostroiigj lu&is onentalis.) 

Synonym. — Sfronij^/Mi Looss, 1895 pro U 

Biological and Geographical Data.-Tlu3 species of J 

quite common among the agricultural populations of Japan, , 

Formosa and is occasionally diagnosed 
also found this infection in Armenians.^ . 

originally discovered as a hiiinaii infection, y-— — - 

^iH-eies m fat-tailed sheep and B.ictriaii cameL m 
trichostrongj lid originally reported by Ogata, by Ijmia, am . 
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and Oishi from liuman cases in Japan and Korea under the name Slrongylus 
suhtilis Looss, 1895, is undoubtedly referable to T. orienialu. Jimbo 
records the infection from 219 individuals and from 27 autopsies. In most 
cases only a few worms were present, exceptionally 50 or more. The com- 
mon seat of infection was found to be the duodenum, but occasionally 
worms had wandered into the adjacent portion of the stomadi or the 
jejunum. 



The adult worms are grayisli-ivhite in color, ^*5 

4 8 mm. and tl.e females 4 9 to 6.7 mm. long. 1 
average 7 n in diameter, .and of the females, 9 n. while the greatest 

of the former is 72 to 79 - rbipartite. The th- 

lateral rays are close to one another, tiie 
«ntml biing the broadest. A 1 t 

o. U ilm the more slender postero lar 


rZ sntrnles (Fig. 236 It, C) measure 

h spicule. 
. n length; 

in front vW it "a‘’™th'’a“!igW hZ 

file view it is Jie (Fig. 2.30 « 



rOTTOtoonc'uJu X 500. to the tip of thetoii is 65 to ““ ^7 75 to 

Anginal) ventral cur\'e. The eggs ( “j jiameter. 

04 0 , in len^i by 9^ 7^ „hae- 

The life cycle of this wonn is similar to that 
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than it is for hookworm infection. Man appears to be the coniinou natural 
host of this species, while other mammals are only incidentally infected. 

Other Species of Trichostrongylus Reported From Man.— The following 
additional species of Trichosirongyhia have been reported as incidental 
parasites of man: 2'. insiabilis (RailUet, 1893) Looss, 1905, reported from 
Armenia by Kalantarian (1934) and from Siberia by Skrjabin and Schultz 
(1928) ; T. axei (Cobbold, 1879) Mdnnig, 1934 (syn. T. extenuatus), reported 
from Armenia by Kalantarian (1927), from Siberia by Skrjabin and Schultz 
(1928), from Mauritius by Webb (1937) and from Java by Lie Kian Joe 
(1941, 1947); T. skrjabini Kalantarian, 1928, reported from Armenia by 
Kalantarian (1934). In addition, unspecified specimens of Trichostrongylus 
have been obtained from human cases in Tunis (Espie, 1931), from Euro* 
pcans in the Belgian Congo (Rodhain, 1932), in natives of Southern 
Ilhodesia (Sandground, 1929), from a native of Chile (Ottmar, 1939), from 
a Greek in the United States (Tsuchiya and Reller, 1944) and from natives 
of Hawaii and the Fiji Islands. 

Furthermore, Heide (personal communication, 1939) found Tricho~ 

' ■ antoncse soldiers, 
by inexperienced 

y bon tetrachloride 

arc required to eradicate the worms, a diagnosis of “hookworm disease,” 
follow cd by CC1« therapy, may give a wholly wrong idea as to th*e efficiency 
of this drug in hookworm infection. 

Watson (1046) has suggested that the occasional infection with Tricho- 
strongylus diagnosed by recovery of eggs in the stool may actually be a 
p&eudo-Infection, resulting from ingestion of food contaminated with the 
dung of reservoir hosts loaded with the e^s 

Glnus Oj>tei{Taclv Random, 1007 
(genus named after Robert Ostertag) 

These are trichostrongyles with a delicate head and a small buccal 
cavity; with cervical papillae. In the male the caudal bursa is provided 
with two large lateral lobes joined by a small dorsal lobe, the \ciitrnl rajs 
are close together; the antero-lateral rays separate the other laterals; the 
external dorsals de\elop separately: the dorsal ray is bifurcated at its 
distill portion, each fork consisting of one or two short rami. The copuU- 
tory spicules are cqu.il, short, and terminate in one, two or three points; a 
gubcrnaculuin in.ay be present or lacking. Prebursal ptapilke arc present 
The vulva of the female opens in the posterior fifth of the w onn. ^IcInl)c^s 
of tins genus are oviparous and parasitize herbivorous mammals. The life 

, " • . 'Vered .a single male 

. human necropsy an<l 

0 cncuvicincla (Stadclman, 1894) Ransom. 1907 from .another case. lie 
suggests that the infections were most likely ii)ci<k‘nt.il and accidental, 
possibly from eating inadequately cooked almmasmn of cattle, sheej> or 
goats containing the nodular stage. 
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Ge^js ILeuojvchits Coi3B, J898 
(genus from alAia, blood, and byxos, spear^ 

HEemonchus contortus (Kudolplii, 1S03) Cobb, IS9S. (The sheep wire- 
worm, producing hasmonchiasis.) 

Synonyms.—Strongyhis contortus Rudolphi, 1803; Slrongylus filkollU Ibid, of 
MoHn, 18(51; Slrongylus placet Place, 1893. 

Biological and Geographical Bata. — This nematode is one of the common- 
est parasites of domestic sheep througJiout the world. It has also been 
recorded from the goat, the addax, the moose, tlie prong-horned antelope, 
the chamois, the American bison, the deer, the roe deer, the mule deer, the 
bharal, tlie argali, the iVIexican mount:u*n sheep, the A^ew/oundland caribou, 
and domestic cattle. Oe Magalhaes hits recovered this species once from 
man in Brazil. On tlie basis of eggs found in the feces W. S. Sweet (1924) 
reported the presence of this p.arasite in three aborigines in A^orthern 
Australia. 
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The w orms live attached to the wall of the fourth stomach of the rumi- 
nant host, and occasionally to the duodenal mucosa. The buccal cavity in 


The males are 10 to 20 mm. long with a maximum thickness of 0.4 mm. 
and the females, 18 to 30 mm. long by 0.5 mm. in cross-section Anteriorl}’ 
the body is gradually attenuated. There is an asjTnmetrically situated 
dorsal lobe (Fig. 238 C) of the bursa copulatrix attached to the left 
lateral lobe on its inner side near its base. The three lateral raj s originate 
from a common stem, as do the ventro-ventral and the latcro-ventral rays. 
The externo-dorsal is a long, digitate process, that of the left side having its 
origin close to the base of the common stem of the tlorsal ray. The spicules 
measure 0.3 to 0.5 mm. in length and become gradually attenuated from 
their point of insertion to their distal tips The tips are provided w ith 
minute knobs and a subterminal barb, the barb of the right spicule being 
slightly larger. The gubernaculum is 200 m long, flat, fusiform, and has 
rounded thickened edges 

In the female w orms the \ ulva (Fig. 238 D) is situated 3 to 4 5 mm. from 
the caudal extremity. It is protected bj' a posteriori)' projecting linguiform 
process about 0.5 mm. long. The anus Is 0 4 to 0.C3 mm. from the tip of 
the tail. The postanal region is sharply pointed. The eggs are transparent, 
thin-shelled, ovoidal objects, measuring 75 to 95 m long bj' 40 to 50 n in 
lesser diameter, and contain incompictelj' developed larvs when laid. 
The life cjxle resembles that 
third-stage larva appears in . 

very resistant to desiccation j . ^ 

stems. Upon ingestion it develops In the abomasum of sheep and other 
herbhorcs and begins to laj' eggs in eighteen to twentj'-one dajs after 
exposure has occurred 

GJaser and Stoll (1938) have been able to grow the frce-hving larval 
stages and the adolescent parasites on bacteria-free media. 

Epidemiology.— Pasture and grazing land is kept seeded with this parasite 
by the droppings of infected animals containing the immature eggs. The 
first tw o larval stages require some moisture for their survival, but once the 
third, ensheathed larva has developed, drought and cold are endured for 
long periods Upon return of moist conditions, the ensheathed larvae arc 
revi\ed and crawl upon vegetation, the ingestion of which exposes the 
grazing animal to infection. Human infection is entirely accidental. 


disturbances The infection causes considerable mortality in j'oung 
animals In man the infection gives rise to n secondary anemia likely to be 
confused witli liookworm anemia llriiilipt and Jojciix haw shown that 
the aqueous c.xtraet of the worms is heiuoljtic. 
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Dia^nosu. Slilre (lie eggs are rt-adily coafuwd with those of othn 
•strongymte neniatoclw, it is necessary to olitain sjiccjincns of adult ^^onas 
tor specific diagnosis, or to culture die eggs through to the third Iar\al 
stage. 

Therapeusis.-Tiiyinol c.iuses the o-acuation of large numbeis of (he 
uorms. Carlion tetraclilorlde is not effective in tolenitcd doses and (e(ra- 
chloretliyicne must he repeatwlly administered in largo amount to be 
efficient. 

Prognosis.— ItclativeJy jioor, because of die relative inc/ficicncy of the 
available anthelmintics. 

Control.— notation of crops, so a.s to obtain uninfected fields hr gnzw^ 
animals, is an effective inetbod of controlling the infection in resenoir 
hosts. Human heings should rc/nun from eating uncooked gniss or other 
vegetation in endemic areas, and should tlioronglily cleanse the hands 
after Avorking in infcstwl fields. 


GkNUS MecIsTOCIUUL'S KaIU.ICT .t.N'D Hekkv, 1012 
(genus from Mxiffrot, very long, and cirrw, thread) 
Meciatocimis digitatus (v. Idnstow, 190C) Xevcu*Leinairc, 1911. 


.! .1 r (}• 


of tlicMJ anmuiU. It has been recorded once from the feces of man in Hongkong, 
there i.x consi'dcrahlo profiability tlwt the nwterial in question was not human i 

The worms are ivor}'*colorcd The males measure 16 to 2) mm. in leoRth bj Odo 
mm in trans^ cr>e diameter and the females. It) to -13 mm. in length by O.o 
dbmctcr. The anterior end is rounded, with six inconspicuous papjlia! (rig- • 
There is a single large jiharj’ngcal lancet present. The cenacal |wj)ni® qJ 
dcpre.v«ion.s in the cuticle at the level of the junction of the anterior an . 
(luarters of the long fpir 239/il. In the male there i _ 

prcbm>al papilla;. 

small dorsal and tw( . ' • . * 

arc equally large and comspicuous. i no vcniro-ienirai uiju yze. The 

arcicrj’.slciulcr.andthemcdian-aiidiiostcro-latcralsarcintermca j,g 

spicules are long and Lanceolate (Pig. 239/)). The gubcmac 

The^\'ul\a of the female worm is a pronuucut wtrem^ty. The 

front of the anus “ * *' ‘ • 

tip of the tail is 

measuring 93 to ^ nui w uc... - • 

the morula stage. The life cj’cle of the worm is not known mw w 
similar to tliat of the other trichostrongj’loid spwies. quite gituilar 

CUnical Data.-The clinical asiJCCts of infection with tins species h 
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SUPEIIF.UIILY JlETAbTKOXGYLOlDEA L.VXE, 1917 

Tlie members of this superfainily are characterized by the absence or 
rudimentary condition of the buccal capsule, while the males have a small 
bursa with stunted rays, of which tlie externo-lateral is usually wider and 
frequently several times the size of the other rays. All species of this group 
belong to the type family MetastrongylidiB I^ipcr, 1909, which has the 
characters of the superfamily. The worms live in the respiratory or circula- 
tory system or in the cranial sinuses of mammals. The one species of this 



I'&TftMtes of \crtebrKtoii ) 
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stii)erfainiiy recorded from plan, Meiastrongyhis ehngaiits, is a panisite 
of tile limps. 

GeXCS MfTASTKON'«YLU.S MOLI.V, 1861 
(pemis from ^<to, behind, and aTpoy’yVXoi, round) 

Metastrongylus elongatus (Dujardin, 184.>) JlaiJJiet and Henry, 1911. 
(The porcine lung worm, prmlucing metastrongylosis.) 
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Synonyms.— Gordius pu?moRaii« aprt Ebel, 1778; Ascans apn Gmelin, 1790; 
Fuiaria apri Zeder, 1803, Slrongylus suis Rudolphi, 1809 pro parte, Strongylus 
paradoxxis Mehlis, 1931 pro parte, Slrongylus ehngalus Dujardm, 1945; Strongylus 
longevaginaius Diesing, 1851, Strongylus apn (Gmehn, 1790) Blanchard, 1895; 
Melastrongylus apri (1790) RaiUiet and Henry, 1907 

Biological and Geographical Data.— 'The worm is a common parasite of 
the lungs of pigs and wild boars, being present in the bronchioles and 
bronchi and at times in the trachea. Sheep and oxen have also been 
reported as hosts. It has been found three times in man, buce in the 
human respiratory tract [once by Dieting (1845) in a boy, aged six years, 
once by Rainey (1855) in an adult], and once iu the digesti\ e tract of a pork 
\ender (Chatin, 1888). 

This nematode is filiform in shape and creamy or brownish in color, and 
has a mouth bounded by a pair of lateral, trilobed Ups, of which the median 
lobes are the largest. The buccal cavity is practically lacking. The 
esophagus is elongate and slightly club-shaped posteriorly. The males 

ind 
ter. 
nnl 
. , of 

which the ^ent^o•ventral and latero-ventrals are processes distinctly 
separated from one another, the externo-lateral is large and long and is 
clearly separated from the other laterals, the medio-lateral is broad and 
rounded, and the postero-laterai is represented by a small digitate process, 
the extemo-dorsal is small and thin and the dorsal is a small bifurcated 
process The spicules are long (4 ram ), hairlike structures, with a deli- 
cately hooked distal end (Fig. 240 R). The entire posterior end of the 
female is strongly recuri ed. The vulva is situated immediately in front of 
the anus (Fig. 240 C). The egg.s are ellipsoidal, thick-shelled and vary in 
size from 67 to 100 p by 39 to 72 p. At the time of oviposition they contain 
well-deN eloped rhabditoid Iar\fe According to Alicata (1934, 1935) they 
are usually evacuated as in the mainmaliun host’s feces, after being 
coughed up and sw allow ed. They may hatch soon thereafter on the soil to 
await ingestion by a suitable speaes of earthworm (as Litmhncus ferrestris, 
L. Tuhelhts, L. ruhvla, Uelodrihts fa-lidus, H caUginosus, etc.), in the 
esophageal or pro\ eiitricular wall of which a required intermediate stage 
of de\ elopment takes place In about ten daj’S the Iar\ x grow from 0 22 
to 0.35 mill in length to about 0 52 mm and pass through two eedjses. 
The third-stage (iiifectne) laivw concentrate in the blood\essels of the 
earthworm They do not spontaneously escape from this host but may be 
set free when the earthworm is iiijuml or dies. Usually the infected 
hmibncids are eaten by the defimtbe host, thus transferring the infection. 

Epidemiology.— In Nature pigs anil earthworms alternate in carrying out 
the definitive and mtcrmeiliate stages in the life cycle of this worm, with 
facultatue periods of development or survival on the soil botli before uiul 
after the stages of infection m the resiHrctne hosts. Ilian’s infection is both 
accidental and mcnicntal 

Pathogenesis, Pathology and Symptomatology.— The lungs of infected jiigs 
show whitish patches around the infected areas. In >oung pigs these worms 



450 PlIAfiMiD NEMATODE PARASITES OF MAN 

frequently give rii>e to a fulminating pneumonitis or bronchitis, ^hich 
proves fatal. 

Diagnosis. —On recovery of the characteristic eggs from the exudate of 
the respiratory tract or after having been swallowed and passed in the feces. 

Therapeusis.—No specific chemotherapy is known. 

Prognosis.— Fair in lightly infected animals; poor in heavily infected ones. 

Control.— One of the human cases tvas a vender of pork. Infection in man 
undoubtedly occurs from contact with ground contaminated with the 
c.xcreta of infected pigs. Feces of infected swine should be cleaned up 
regularly and kept off fields and runways. Uninfected swine should be kept 
separated from parasitized animals and should be removed to dry ground 
free of earthworms. 
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THE PHASMID NEMATODE PARASITES OF JIAN 

(Continued) 

OXYURATA AND ASCAEIDATA 
Suborder Oxyuruia (Cram, 1927) Pearse, 1936 
(Enterobius and Related Foniif<) 

Tiie members of this suborder are relati\elj small, unisexual, mero- 
myarian species, of which the males have a reduced bursa or caudal al», 
supported by true but atj-pical rays, and one (exceptionally t\\ o) imper- 
fectly chitinized copulatory spicules. The body of the females is drawn 
out into a point posteriorly. The eggs, which are oviposited in a fully 
embryonated state, are flattened on the \entral side All of the known 
species are grouped under the type superfamily Oxyujoidea Railliet, 1910. 
which has the characteristics of the suborder. Six families of Oxyuroidea 
have been found in vertebrate hosts. The two oxyuroid species reported 
from man, Enterohius lermimlarti and Syphacia obichfa, belong to the type 
family Oxyunds 

Family OXYUltIDiE Cobbold, JSO4 

The species of this family have a pO'>tenor cardiac bulbus clearly sepa- 
rated from the anterior cylindrical part of the esophagus. The male w orm 
lacks preanal suckers or otlier specialized muscles. The female is usually 
much longer than the male, and possesses a double germarium and connect- 
ing tubular oviducts and uteri, emptying into the \ulva, which latter organ 
is usually precquatorial in position, but may be situated even as far poste- 
riad as the preanal region. The eggs, are ellipsoidal, fairlj large and asym- 
metrical No intermediate host is required for species of this family. 

Genus Entekobius Ltveu, 1853 
(genus from ivTtpov, intestine, and 0iot, life) 

Enterobius vermicularis (Linnsmis, 1758) I^ach, 1853. friie hmnun 
pinwonn or seatworm, causing human oxyuriasis or enterobiasis.) 

Synonyms. — Ajcnns vermicularis UnniEUS, 1758, Fvsnna teniiicvlaris 
(Lmnteus, 1758) Zeder, 1803; Oryims termiciilans (Linnanis, 17.'58) La- 
marck, 1810, OxyuriJ icnmcHfurw (Lmiueus, 1758) Bremser, 1819, Oj-yiinai 
lermiciilaris (Linnaeus, 1758) Stiles, 1905; FusareUa icrmiciihiris (Linnanis, 
1758) Seurat, 1910. 

Histoncal and Geographical Data. —The pinw orm or seatw orm of man has 
been known since ancient times It is cosmuixilitnn in its distribution 
Incidence of infection in a given population depends not so much on the 
climate or public sanitation .is on tlie jiersonal habits of the individuals in 
tlut population. In general, however, it is more prevalent among popula- 
te?) 
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tuo specimens. Ita.rjuu (1938) luu, counted tl.e eggs from ->0 gravid 
speeimens raugmg m size from 6.7 liy 0.3 inm. to 9.7 by 0.4 mm ami In, 


nrst-stage nirvu witliin (l.'ig. 211 C). In profile vimy tl.ey .am llattenS ™ 
t)nc hide (tlie \entnil side) and arc rounded on the dorsal jispcct. They 
ineasure .>0 to 00 m j>y 20 to 30 p. The transparent, partially refractive 
shell consists of two layers, an outer alhuininous one, which tends to cause 
the cK('s to agglomerate, and an inner einhryonic meinhrane, probably of a 
lilioul nature. I’reliininarj* to hatching the two membranes become 
separatcil except at one point on the dorsad surface just beliind the cephalic 
pole. 

Enicruhiun reniiinikrii rc'tpiircs neither an intermediate host nor any 
considerable period of incuhatiun outside of the liody. Eggs hecome infec- 
tive w itliin a few* hours after <)e]>ositioii outside the anus and remain viable 
for several ilays. The intense itching, produced by the gravid females 
crawling out tlie anus and around in tlie perianal and perineal region, and 
by tlie deposition of the eggs, usually results in scratching of the affected 
urea liy tlie patient. Tliis allows the eggs to get in under the finger nails, 
so tliat sooner or later some of them arc taken into the moutli. Or, due to 
their ability to resist <lcsiccation, they may remain attached to soiled bed 
linens and clotliiiig or be transi>orted by currents of air into the mouth or 
nares. In these ways tlioy may be ingestcil or inhaled by the same or 
another individual and result in uifcctiou. 

On reaching the (Uio<ienum the egg hatclics and tlie rhtihdltoid la^^•a is 
set free. Tills larva measures MO to 150 p In length by 10 n In trans\erse 
iHanieter. It is only slightly active and is pro\ idi^ with no cephalic arma- 
ture. The deiclopmcziC of the lan*a of KnkTohinjf remia/larh wcurs 
w ithout migration througli the hwly of the host. After two moults m tlie 
small intestine, the lulolcscont worms mate and jiroceed to the large intes- 
tine, tlicrc to become attachal to the mucosal layer and de\ clop to ^dun* 
hood. ^Yhcu the females bec-ome fully gravid, they release their hold on 
the intestinal wall and, on reaching the anus, pass out as prcMOUs} 
described, and oviposit. The complete life cycle, as first worked out 5 
Lcuckart (1SG5), Grass! (1879) and Calandruccio (1888) and later 
munerous other investigators, may he completed in as short a time < 
fifteen to twenty eight days (Cram, J943). _ . i ♦ -an thp 

Epidemiology.— Because no developmental stage is required ou^i 
human body, tliis infection is more prevalent in individuals of 
family or of an institutional group, such as a school, asylum or 
hospital, than it is in tlie population at large. It is more com . ‘ 
mother and her small children than in the fatlicr and adult m. 

It is more common in large dormitory groups than in sma e 
homes where several children sleep in the bed or en ^ ^ 

room the incidence is higher tlian wh^ eacli indnid ^ P 

bedroom. It is more prevalent in the ^^.^red in all of the 


(Cram, 1941). In an infested house the eggs may 
ooms which i ^ 

Cool, moist surrouiulings with little or no 


rooms uhich ore used but the hrgj^t number ^ 
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survival of the eggs of E. vcmieularis, while dr>* heat and good ventilation 
produce rapid desiccation of the eggs (Jacobs, 1941; Heller, 1944) 

The incidence of oxjTiriasis in children ranges from a relath ely low 
figure to 100 per cent. Schuffner (1944) has reported the latter figure for 
Amsterdam, while Young (1942) gives 42 per cent as the rate for 119 
children in St. Bartholemew’s Hospital in London. Chanco and Soriano 
(1939) reported 75.2 per cent incidence in one swab examination of 431 
school children and 59 adults in Manila Stoll, Chenoweth and Peck 
(1947) found only one per cent of 634 natives of Guam infected and none 
over fifteen years of age. Kuitunen-Ekhaum (1943) discovered 60 per cent 
infection in 300 non-institutionalized school children in Toronto. Cram 
(1943) reported 41.5 per cent positive among 2895 white school children 
and adults in Washington, D. C In South Dakota (U S.A.) 39.4 per cent 
of 315 children were found infected by three swab examinations. The 
incidence w as appreciably higher in school children than in the pre-school 
group studied In Latin America the following percentages of infection 
have been reported' Puerto Rico, girls asylum, 30, boys asylum, 12 (NIH 
swab, Brady, 1941); Rio de Janeriro, 22.3 (finger nails, Corvalho, 1928); 
Sao Paulo (Brazil), GO 0 (cellophane swab, Cristovao, 1941); Buenos Aires, 
42.0 (cotton swab, Bacigalupo, 1041), Mexico, D.F., 48.0-51.0 (cellophane 
swab, Osorio and Mazzotti, 1940, Mazzotti and Quintanar, 1943), and 
San Jos6 (Costa Rica), 4 3 (cellophane swab, SutlifT and Echandi, 1946), 
The methods of transmission of oximnasis are four-fold. The foremost 
source is the anal and perianal region and the commonest means is direct 
anus-to-mouth by finger contamination Schuffner (1944) regards soiled 
nipht clothes as another anus-to-mouth transmission hazard in persons 

hanging to day- 

. e viable eggs to 

^ .an individual or 

group of persons who have similar habits. Jn the third place, airborne 
•mrti otil orl V fhosp didodgcd froDi bed linens and night clothes, which 


large group of individuals in contact witn me coniaiuinaim .m. A.na 
frequently the explanation for the high percentage of persons found infected 
by careful repeated swab examination. A fourth metliod lias been demon- 
strated by Schuffner and Swellengrebel (1949), who have found in human 
volunteers under controlled conditions that m a moist environment iii- 
fectu e-stage eggs at times hatch on the anal mucosa, and that the 
liatched larvce migrate up into the bowel and dc\elop into adult worms. 
1'lir‘sp workers refers to this method as relrofcctioa. As previously stated, 


and inflammation of the intestimal wall to wiiica me amm, «uiui3 
:itt.'iched;(2)p periani ft j«’rinfi;(3)ncuroscsrcsulting from (l)and/ur 
(2) abo%e,and (4), in tiic female p.iticnt,s\unptomsre'iiltingfMm iii\.isioii 
of tlic fenwlc genitalia. 
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MncKtith and Watson, British pediatricians, Iiavc concluded that the 
most common symptoms of oxyuriasis consist of the triad (1) local itchini;, 
(2) restless sleep and (3) irritable tiredness. 

Within the intestine the worms mjiy occasion minute local areas of 
inflainination aroumf tlie heads attjiclied to the mucosal layer of tlie wall. 
I lie adult worms in the lumen of the appendix may mechanically or by 
lysis cause extensive liemorrhagc or a catarrhal inflammation ^\hicii may 
involve tlie muscular layers or allow entrance of pathogenic bacteria. In 
a study of 3.30 ap|)cmlices in Forinos.a, UJnc (1035) found definite pathology 
attributed to tlie pinworm (apjtcniUcopathia oxyurica) in sixteen of twenty 
in wliicli Knlcrobm^t rermieuhris was observed. Xecrosis of the mucosa] 
layer of the cecum may exjMisc the sympathetic nerve endings and give rise 
to serious reflex synijitums. Migration out of the rectum frequently causes 
congestion of tlie anal region, with pin-point hcmorrliages and erosion of 
the mucous membrane and. at times cutaneous eczema. 

Around the anus, as well as within it, tliere in.^j’ be developed an almost 
unbearable pruritus, which is tem|)orarily relieved by jscratehiiig. Sub- 
cutaneous tumors of tlie anal region may also be produced. Irritation of 
the perineum may gbe rise to sexual perversion in botJi male and female 
siihjccte. Owasionally the adult worms may wander into the upfwr lei els 
of the small intestine or he carriwl there by reversed peristalsis; they Iwie 
even licen recorded from tlie stomach, esopliagus and n.ircs. 

In Infants, and to a certain e.xtcnt in adults, nervous symptoms of various 
types, due either to direct irritation or to specific toxins absorbed by the 
body, have been coiniuonly oliservcd. In females, a mild or a more pro* 
fouiul hysteria may be produced; in children, loss of .'ippetite, insomnia, 
extreme restlessness and incoordination and even epileptiform seizures ma.' 
he occasioned by seatworm infection. Several cases are also on record m 
which the gravid female worms Imvc migrated through the ^ 

Fallopian tubules of female patients, where they have become enejste , 
they liavc \\ aiidcrctl into the peritoneal cavity and Jiav e becoum enev s e 
in tlie peritoneum. In tlie tubules they may pn^uce sj-mptoms sirau a t, 
salpingitis of gonococcus or M. tuberculosis origin (Wu, 1935). 

In boys nycturia is not an uncommon associated siiuptom, v' 

rfUnv.^.,! nn rruHrntum of the worms. . ♦♦imps 

There is at 
,ay be a low grade 


secondary anemia. . , , t : ..i Mstnrv but 

Diagnosis.— Oxyuriasis may he suspectctl from ^ ..jJ/fhe 

specific diagnosis depends on recovery of tlie egg or of the pare 
eggs of Entcrobius rcnnicuhris arc found m the -j; ^uch better 
examination in not over 5 jiercent of infected persons.^ snffafe ecntrifug.'il 
diagnostic showing can be made by brii " ‘ 

floatation technics {vide pp. 593 and 594), i 
consistently migrate out the anus to l.aj 
recovery of migrating worms or of eg^ frou, v..- r- 


For most satisfactory results the swabbing of the anal 
should be made after midnight and before the morn g 


and periiin.il .irea 
bowel movement 
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and bath. Ilellsten (1933) recommended wiping the outer part of the 
rectum with a vaselined cloth, shaking up the material obtained in a 
mixture of water and ether, centrifugalizing and then examining the sedi- 
ment for eggs. The work of Hall and his colleagues (1937-1938) and of 
Sawitz, Odom and Lincicome (1939) has demonstrated the superiority of the 
cellophane anal swab (the NIH swab). (See Fig 2-43.) In 1942 
Jacobs introduced a somewhat simpler swab technic, employing Scotch 
cellulose tape on the end of a wooden tongue blade, adhesiv e-side-out. At 
the time of swabbing the length of tape is held on the blade bj- the operator's 
index finger and thumb, and is then transferred, adhesive-sidc-down, to a 
microscopic slide for examination Mazzotti and Osorio (1945) rate the 
Jacobs technic as 50 per cent more efficient than the XIII swab. SchuiTiier 
and Swellengrebel (1943) have de- 
\ eloped still another type of swabber, 
consisting of a 10 cm length thick- 
walled glass tube, with one end blow n 
into a globe about 1 7ocm in diameter 
and ground rough This pestle end is 
dampened and then massaged oxer 
the perianal region. An emulsion of 
squamous cells, mucus, sweat and 
feces adheres to the sw ab It is claim- 
ed th,at the entire sample can be ex- 
amined in minutes compared with 
1 1 minutes for the NIH technic The 
pestle is easily cleaned by washing 
and can bo used repeatedly. Peter- 
sen and Fahey (1945) recommend a 
clean glass slide with smooth ends 
for scraping the perianal skm. (For 
the preparation and use of these di- 
agnostic aids vide pp 582-583) Adult 
worms, usually females, which have 
migrated on to the perianal skin, 
mav be brought to the diagnostician 
as evidence of infection Tliese must ."d .ther ,03 

, . , , - . from tho pcrwnul and perineal skul (From 

lie distinguished from immature as- “An Introduction to NcmatoloRy." 

caridsorotlicrintestinalrouild-womis. Bureau riantlndustry. Washington, D C ) 
as well as fly larx.T (maggots), 

Therapeusis — S.Tntonin, oil of ehenopotliuni, thymol, 0-naphtIiol, CCii, 
and Aspidunn filii-mas, as administered for other helminthiases, at 
times cause the elimination of some of the worms (usually only gnivid 
females) High soap-saliue, quassia chips infusion or y.itren eiiemata arc 
also frequently cfTcctixc in cxacuating these females, \oung females and 
males attaclied to the inuco&a of the large intestine are seldom obtained 
by any of these treatments 

Wright, Brady aiul Boziccxich (I93S) odxocatcd genUan nolct medicmal 
as .1 ^atisfactc)^y antlielinintie in u\xuri.isis. This has bwome the standard 
treatment for tiic infwtion. Tlie drug is prescribeil in Pcal-Iiis or Knseals 
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three times daily for eight days, tliea rest one week and repeat treatment 
for another eight days. (Total drug for one course of treatment, 3.3 Gm 
or 48 grains.) Tor children the recommended daily dosage is 1 cgm. for 
each year of apparent, not chronological, age. The tablets are available 
m the following sizes: 1 cpm i o n ^ • \ i r. 


as determined, by seven post-treatment swab examinations by the 
NIII technic. Petersen and Fahey (1945), who studied gentian I’ioiet 
tJierapy in 1100 (59 per cent) positives among 1871 patients in a mental 
Jiospital in i^Iinnesota, administered the drug for three eight-day periods 
witli eight daj-s of rest between each two treatments. (Total drug: 4.6 
Gra. or 72 grains.) Using a glass-slide scraper of the perianal skin, 9 per 
cent of the pre-treated positives remained positive following the first eight 
days of treatment; one per cent following the second period of treatment, 
and 0.2 per cent following the third period of treatment. 

I'hc week of rest between active periods of treatment is designed to allow 
time for viable eggs in the environment to gain entry to the intestine and 
hatch, so that the next period of treatment will kill larv® derived from 
these eggs. If all positive cases in the group are treated simultaneously, all 
residual eggs in the environment beginning with the second eight dajs of 
treatment should be uonviablc. In some patients various workers have 
reported considerable discomfort following administration of the anthel- 
mintic, including nausea and vomiting, abdominal cramps, constipation, 


dizziness, headache and lassitude. . . . 

Kuituneii-Ekbaum (1946) has studied the efficacy and toxicity of 
phenothiazine in the treatment of oxyuriasis. The regimen of treatment 
was as follows for each of 4 days: for children under 2 years of age, O-a 
Gm. per diem, with a total dosage of 1 Gm.;2-3 years. 0.5 Gra. daily, tota 
2 Gm.; 4-5 years, 0.75 Gm. daily, total 3 Gm.; 0-7 years, 1 Gm- daily, 
total 4 Gm.; 8-9 years, 1.25 Gm. daily, total 5 Gra.; 10-11 years, l-^O om. 
daily, total 6 Gm.; 12 years and older, 1.75 Gm., total 7 Gm. 
were too toxic, producing rapidly developing anemia, and h ^ 
abandoned. Among 408 treated children. S0.2 per cent became nc^n « 
after one course of treatment, I8.C per «nt additional ^ trfiated 
course and 1.2 per cent additional after a third course. 
adults there was no significant difference in the percentage of S 
Occasional fever, rash, pruritus and edema at times 'Serc • 
the treatment. Descliicns and Lamy (1947) regard juJls 

toxic for routine administration. They reserve it for , adults 

but do not prescribe it for children under twelve years o ag , 
with anemia, hepatitis or nephritis. , i . ..nnJjVation of 

Prurilus ani, due to pimvorms, should be treated by may 

mercurial or sulfa ointments. Invasion of worms int PP 
produce appendicitis and require surgical inter\ cntion. nturoscs or 

Prognosis.— Good, unless the infection gi\es rise to general 

secondary invaders gain entrance to the intestinal wall or to 
circulation through lesions produced by tlic norms. 
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Control.— Sanitary measures should be directed towards two ends, 
namely, prevention of (1) reinfection of an individual already harboring the 
worms, and (2) infection of contacts Pinworms are more common in 
children than in adults, they are usually more common in women than in 
men. This is due to contact between mothers or elder sisters and younger 
children. Familial infections are usual, one member of the f.imilj convey- 
ing the viable eggs to another. Infected individuals should be provided 
with protective sleeping garments so that their hands do not become con- 
taminated during sleep All individuals should be taught to wash their 
hands thoroughly after visiting the toilet and before meals. Finger nails of 
infected persons should be cut short Toilet seats .should lie scrubbed witli 
strong cresol solution two or three times a week, then rinsed w ith w ater and 
wiped dry. Nevertheless, all of these hygienic measures w ill probably prove 
futile unless all infected inembors of the family or institution are given 
adequate anthelmintic treatment. {Vide iupm.) 

Warm temperatures, a prev.ulmg breeze, with a minimum of dust in the 
air, a minimum of clothing and frequent bathing are conducive to low 
incidence and light infections. 

Genu.s S\riuci.\ Seiu.vt, 1910 
(genus from ai4>u>, a tube) 

Syphacia obvelata (Iludolphi. 1802) Seurat, 1910 

Synonyms.— Aecans obielala Iludolphi, 1802, Fusnrta obiclato (Rud , 1802) 
Zedcr, 1803; Oxyurts stroma v Lmslou, 1884, Oiyuns oi>i£/ota (Rud , 1802) Hall, 
1916 

This snerip^ of osvurid nematode is charactenzod by having three broad lips 


region IS provided with a pair of relatively inconspicuous ala* Roth ^cxes h-avc a 

j I 6 mm 111 length by 0 I min m cro-.-,- 
300 degrees ventrad There are two or 
three cuticular mammillations on the ventral vurface The pcricloacal region is 
provided with. 1 iiair of pointed ala: There arc two (Wirs of preanaJ fjapdla* and, in 
addition, ’ ' ' 

the cauda 

sJiort gub . 

nl.r is n stiff ntfciniattHl caudal extremity, measuring 0 12 mm in icngtii 

in crov.-'^ction 
ur) The vulva 
the cephalic end 
ith a very mu«eu- 

lar ov ejector, vvluc'h leads into a s-mgle, verj* long uterus iius latter, in turn, us 
succeeded distally by a pair of narrow rcceptacula scminis, Ijniig -idc* by side Still 
farther distad are the two delicate oviducta and ovarian tubules The worms arc 

' ■ icti/nna but arc 

They contain 


30 
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H of on intermediate 

host. The infection is cosmopolitan as an mtestmal parasite of rats and mice One 
human case has been reported by Riley (1919) from an American child in the 


Human infection probably results from accidental contamination ivith droppings 
of infected murine hosts. As a result of apparent contamination by laboratory mice 
tiro seamens of children's stools and two of rhesus monkeys were diagnosed (1941) 
with typical S. obvelata eggs in the author's laboratory in Tulane University. 

The clinical aspects of this infection have not been studied. 



Fia. 244. — odi'(fa/a. lateial view of male woroi X 75. n 

of male, ventral view X 330 C, posterior end of female worm, lateral view. X - 
anterior end of female worm, showing vulvar opening and uterus. X 330. o. cEs. 
developing larva X 150 (After Vorke and Rfaplestone.) 


Suborder Ascandina (RaiUiet and Henry, 1915) Pearse, 1936 
(Ascaius and Related Forms) 

The members of " ’ ' nn or nolmvarian species, 

in which there are 


labia are lacking. 

the other two are submediaii and approximately ventral, 
papilla: consist of an inner circle of six and an outer circ e 
developed double papillae and two well-developed sing e pap - ^ 

excretory sj-stem is H-shaped. There is no f com- 

either have two copulatory spicules or a single spicui • 


eiuier nave iwu copuiaiui.y opieuico ** 

monly have two ovaries, but in species found in sn.ikes le -j^ented 

two. The females are oviparous, the eggs an intcr- 

when oviposited. The development is usuaiJr \ ^ pf tjie host is 
mediate host, but a migration of the larv’ie tlirough 
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required in some species before the woniis may develop to adulthood. At 
present all of tlie families of this suborder are placed in the superfamily 
Ascaridoidea Railliet and Ilenrj’, 1915, which has tlie characters of the 
suborder. All of the human representatives of the superfamily belong to 
the tj pe family Ascandidas. 

Family ASCAitWW.E Baird, 1S53 

The mouth of memhers of this family is either provided with three 
prominent lips supplied with papilla or with three primary lips and three 
secondary mterinediate lips The esophagus hicks a cardiac bulb. The 
males usually ha\ e tw o spicules. The tail of the female terminates conically 
and fairly abruptly llie v ulva in most species is preequatorial in position. 
In the species reported from man the males lack a prccloacal sucker. 

Gkms Ascviiis Lix.v.vel's, 1758 
(genus from d<r*apit, helminth) 

Ascans lumbricoides Linnams, 1 75.8 (The giant intestinal roundn orm, 
causing ascanusis.) ^ 

Syaonyms —Siomachda t(rmt$ Pcrcb<»om, 17S0, Stomachida per<l>oomit Gome 
1782, Afcant auum Goeze 1782 (probably a phj'siological variety or subspecies), 
Fusana lumbncoidea (Lmn , 1758) Zeder, 1®)0, Lumbncoidea tuJgaris Merat, 1821, 
Ascans suiUa Dujardm, 1845, (’) Ascans inanUma Lciickart, J870, (’) Ascaria 
texana Smith and Cocth, 1904 

Historical Data.--.lscans luuibrtaiidfa was well known to the pliysicians and 
naturalists of ancient times, since it was one of the most common helminths m all 
parts of the ancient world The Greeks referrcil to it a^ iXftin crpoyyv\tp, the 
Romans called it Lumbneus, the pre.'ent-day name for the common earthworm 
Although Kuchenmeister (I8.'»5) failed to produce infection by feeding ombryonated 
eggs, Davfline (lSCi3) discovered that they hatch in the smaJi intestine Stewart 
(191(5) demonstrated that the hatched larvee rc(|uire a journey to tlic lungs, from 
which they return to the i-mall bowel via the epiglottn, but Muce he was unahle to 
rear these larv » to adults in exixrimcntal mice and rats, he concluded that these 
animals «ened as intermediate ho^ts. However, Uansom and Foster (1917) and 
Ransom and Cram (1921) dcmoni-trated that ni the normal host, jiig Ascans, after 
migration to the lungs and return to the small bowel, devclojiod into adult worms 
It remained for the hrotlicn* Koino (1922) to piove the lung journey in human 
ascanasi-s by rccov eniig the migrating larvx m the sputum. 

Ascans linnbricoiJis of man and of the pig is morjihologically indistinguishable 
Tins same spccics has aNo been rcconlod for the monkey, the stujirrcl and more 
recently from the mu'krat. Ondatra zibtlhica (Tnier and Clim, 1948) However, 
attempts at cvpcrimciital mfcrtioii have mdicatod that human and jKircinc A 
l«m6ricoi(/fS arc jiccuharl.v aJapUil to their host and are highly refractory to 
reciprocal infection. 

Geographical Distribution and Incidence. - As<.an>u>is is w idely distributed 
tlirougliiiut the worlil ewi'pt iti cold rliiiMtcs. In iiiaiiv exteii-sive tropical 
regions with .ui .tiiniial r.uiifall of lOOiciitiineters or more prartK.dIv every 
tliild Is p.ir.i.sitized from e.irJy iiifaticy, nud the incidcme figure for .idnita 
IS 50 per cent or higher. Kven in Tcnijicrate Zones, as in the suntherii part 
of tile -Nppahuhi.in highlands of the I'nitnl States (v iz., the western jxirtion 
of Virgiiiiii, West \’irgiiiia, e,istern ICentinky, e.isteni Tennessee and the 
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of infected PcrsoL" Abbaraa) the percentage 

countries, and tile w omi'him'l™ .T’’ of iropical 




^ ir' — Detailed features of ,dsc>in« /u»i(rncoufr«. anterior cxtremitj', jenlral 'le'' 
X 40 n. oial labia, licad-on mph X HO C, posterior extremity of male worm. %entrsi 
vieu X 45 D. fertilized egg. X 500 (After YorVe and Maplestone ) 

Structure of the Adult Worms. — The \\oriii 5 tire elongated c.tlindrical 
nematodes, tapering anteriorl.v and posteriorly to bluntly conical ends 
The “lateral lines” appear tis a pair of distinct whitish streaks .along e|t er 
side of the entire body length. The head (Fig. 245 A) is provided \wtii a 
median dorsal, broadly elliptical lip and a symmetrical pair of submedian 
ventral oval lips, all of which are finely denticulate. Kach lip has on eac^ 
of its lateral margins a pair of minute papilla? (Fig. 245 Ji) 
small buccal vestibule in the median axis beneath the lips and bciiin 
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cylindrical, iiiubcular eaoplnigus (10 to 13 mm. long), Inch lacks a ventricu- 
lub. As in otlier nematodes, the esophageal glands consist of a single 
dorsal member and two subventral members, each with a single nucleus 
The esophagus leads directly into the mid-intestine, which continues to the 
subeaudal extremity of the body, where it empties into a short rectum 
which opens directly through the anal pore in the female and into the 
cloaca in the male 

The male worm has a length of 15 to 31 cm. and a transverse diameter 
of 2 to 4 mm Its posterior end is curved ventrad. The male genitalia form 
a long, tortuously coiled tubule situated in the posterior half of the body, 
consisting of testis, collecting tubules and ductus ejaculatorius, the latter 
opening into the cloaca. Dorsal to the posterior terminus of the ductus is 
the pocket into which the 2 equal, or subequal, unvvmged, club-shaped 
spicules, of 2 to 3.5 mm. length, are retracted (Fig. 245 O- There is no 
gubernaculum. There are numerous preanal and postanal papiIIiE, situated 
symmetrically in four parallel lines preanallj' and in four groups of tvv o and 
six single units iiostanally (Fig 245 C) In the recurved posterior portion 
of the male trat“es of caudal alxe are sometimes seen. 

The female usually measures 20 to 35 cm in length by 3 to 0 mm. in 
transverse diameter. Occasionally specimens develop to a length of 40 to 
40 cm. The vulva is situated near the junction of the anterior and middle 
tliirds of the body. It leads into a conical vagina, vv Inch branches to form 
the paired genital tubules, each member containing uterus, receptaculum 
sernmis, oviduct and ovary. These two members more or less parallel one 
another in a tortuous course tliroughout the posterior two-thirds of the 
body cavity. The uterine tubules are relatively broad and when stretched 
out may have a length of 200 mm. each The ovarian tubules with their 
ducts may each have a length of ca. 1250 mm. The total capacity of the 

■ ’ ' ’ • . t , 1 . n- Ml- 

The fertilized eggs (Fig 245 1 ), 246, 1) are broadly ovoidal in shajie, w itli 
a thick transparent shell and an outer, coarsely mammillated, albuminous 
covering which is at times lacking and is not essentia] for cmbr^oiiation. 
They measure 45 to 75 m iu length by 35 to 5U ^ in lesser tliamvtcr. Eggs 
ui uicTo arc h>.a!ine, but the albuminous la^cr becomes yellow isli-brown 
from the bile pigment in the feces. At the time of oviposition the egg is 


structure is unorganized and fre({uentl> contains large numbers of higlily 
refractive granules. These eggs are must frtqueiitl.v passed b.v fcm.ile 
worms when males are not present in the intestine of the host (6 37 per 
cent of c.ises), but ajUK-ar w ith fertile eggs in 37 to 40 per c eiit of infections. 
In 3 34 iK-r cent of 1520 children examined bv Yokogaw.i .iiid Wnkesliima 
(1932) only male worms were present 
Development of the E;ks and Larva.— The development of Af^curin 
fi/mtnccjnfM eggs is directly iniiut'iHed by tem]M'ratiire. inolstiire.uidovvgiii 
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supply. Ill iiiglit-soil mixtures or in a cold, dry climate they remain practi- 
cally dormant. Yet freezing and desiccation not only do not ordinarily kill 
the eggs, due to the extremely gowl insulation adowlcd by the sboil Jajm, 
but, on the other hand, frequently stimulate development Temporary 
baths in strong chemic.-ils, such as gJas.s-c!caning solutit'ii, are not injurious 



I'lQ 2t0 — Pliotomicrograplk of esg^ of Ateant luinbrictiidc$ 1, Fertiliied, 2, unfertilaed 
egg. X 000 (After i'aust. m Brcuncmoim's t’lactice of I’ckliatijc*, courtesy of W F. iTior 
Company ) 



to the cinbr>o and moderately strong solu- 
tions of formaldehyde accelerate de\elop- 
incut of the embryo in (no. At 22® to 33 C. 
the embryo develops in nine to thirteen 
da>s or more into a coiled rhabditoid 
Eggs in contaminated soil may 
remain viable for five or six years. At 45 o 
50® C. the eggs are killed in 30 minute. ; at 
55® C., in 15 minutes; at 00 to 65 t.. in » 
minutes, and at lOO® C., almost nistanth 
(Unat. 1942). . 

The infective-stage eggs each eontam • 
motile rhabditoid larva. This is the ^ . 
stage lan-a. which de.ciops f™' X 
stage larva about one week after tli ■ 
has become motile (Ransom and loj 

100(1: R-insom. !322;Rol)ert3, 1934, _ 


Fig 247 — Larva of Aicarts 

lumbneoulea from trachea of ex- . . - . - . “• 

perimeiitally infected rat eight Jug but SOOIl SUCCUlUO t '^ri-iffv Iuit<h 

hours after ingestion of cnibiyo- sun. While these CggS occasion. ^ ^ 

iiated eggs X 320. (After . .. , rnrifact tvith Watcf 

Brumpt, Pi^cis de Parasitologic.) m SOU due tO lO'^S) or after 

period of desiccation 

abrasion with sand (McRae, 1935), there is no commci 
infection normally occurs via the skin route. The iiorjn.u 

Infection.— No intermediate h(»t is “tilizcd hy " viable egg^f 
mode of infection consists in the ingestion of t ie * 
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hours later through a V-shaped slit in the shell. The sheatli (of the hrst- 
stage larva) is shed just before hatching. The larva? which emerge from 
the shell are elongate, cylindrical objects, tapering at both ends, and 
measuring 0.2 to 0.3 mm. m length by 13 to 15 m in transverse diameter. 
They are typical rhabditoid lar\'» (Fig. 247), with a cylindrical esophagus, 
measuring 78 to 90 fx in length and enlarged posteriorly into a cardiac 
chamber, and ith an elongate intestine and a short rectal-cloacal portion 

Route of Migration Through die Body of the Host. — Steis'art (1916) first 
shoued that an extra-intestinal migration of Ascans larvie is normally 
required before they can proceed to complete development in the intestine. 
Jlansora and Foster (1917) and Hansom and Cram (1921) demonstrated 
that the larva penetrate through the intestinal wall into the lymphatics 
and mesenteric I'eins, are carried to the right heart, either by way of the 
'thence to the lungs. Here they 
few days perforate the walls of 
period of groisth and tuo addi- 
tional ecdyses (the first after five or six days, the second after the tenth 
day), migrate to the small intestine by way of the bronchi, trachea, epi- 
glottis, esophagus and stomach During this period some larvc occa- 
sionally migrate into aberrant foci, such as the peripheral lymph nodes, the 
thyroid, thymus and spleen, and even the brain and spinal cord, and m so 
doing ma}' give me to unusual symptoms Following heav-y inoculation 
the larvffi may e\ en be excreted in the urine. The jicriod of migration is 
one of grow th for the larva*, they commonly Increase in length during this 
passage from 0 2 or 0.3 mm. to 1.0 or 2.1 mm (average, 1 5 mm ). 

After arrival m the intestine of man, on the fifth day after inoculation or 
later, the larva of Ascarie lumbncoidee originating from a human source 
develop to adulthood, likewise those in the pig originating from porcine 
ascarids complete their development. Dut porcine .Iscam lame in man 
and human .Iscarw larvie m the pig are apparently unable to complete 
their development in the reciprocal host In guinea-pigs, rats and imre, 
Ascans larva? from cither Iiuman or porcine sources, on reacliing the 
intestine after migration through the lungs, are rapidly eliininatevl. 
fourth (and final) ecdjsis occurs in the intestine between the twenty -fiftli 
and the twenty-ninth day 'iliis is required before the worms can mature 
into adults In the appropriate host the worms reach full maturity two to 
two and a half months after rajmsure to infection, and the females licgiii to 
lav eggs- ... 

Epidemiology.— -Mthough aseariasis is practically cosmojM;]it.iii in its 
<listribution, it is much more prevalent in the warmer than in the collier 
zones. It is a major p.irasite entity in tropica) populations, particul.irlv- in 
children, and is an important helminthiasis in certain groups in temperate 
countries. f'oniu.ireJ with thchookwonn, as a sod polluter, is aide 

towithsta 
not surviv 

M.ible on • 
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burvive well only in sandy humus. Ascariasis is an infection of all ages, 
but in most countries cliildR'n umler ten years of age are both more com- 
monly and more heavily parasitized. They ‘'seed” the soil with the eggs by 
j)r()miscnons defceatiou, especially around dooryards. The infective-stage 
eggs are, in turn, most eoinmoiily pieke<l up by young children from the 
ground which thev or their plavinates have previouslv polluted (Cort, 
mi ; Otto, 10;}2; Iloadlee, lO-’W). 
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petechial hemorrhages at the points of emei^we into the al\ ooli In more 
heavily infected cases the entire lungs may be ecchymotic and edematous 
Microscopically there are many small infl.ammatory foci throughout the 
organ, with a marked exudate into the respiratory passages, consisting of 
red blood cells, leukocytes, desquamated epithelium, fibrin and migrating 
larvie. Local eosinophilia is very marked The picture is that of multiple 
lobular pneumonitis. In extreme cases the lungs may be extensi\e]y 
in%oKed, are edematous, hemorrhagic and completely consolidated 
Luring the early part of the migration period the larvie are believed to 
feed only on blood plasma, but later they have been found to utilize erythro- 
cytes as food (Smirnov, 1935). 

Clinically, the migration period is frequently accompanied by a chilly 
sensation or even a true chill, fever (38.5 to 40° C.), and eosinophilia may 
be demonstrated. At times there is bronchial irritation, with coarse and 


or seventh day after exposure, small children, tn whom there is a massive 
migration of the larva, may succumb to a fulminating, atypical pneu- 
monia. In patients constantly exposed to infection, a chronic pulmonary 
syndrome may be found (Leitch, 1929; Girges, 1034) 

Fisk (1939), likewise, reported a series of 120 autopsies of natives of 
Lagos, Nigeria, in which helminths of the intestina* tract (^Iscurie, vvhip- 
w orms and hookvv orms) w ere found in large numbers Bronchopneumonia 
was tlie most common cause of death m children of ten years or younger 
(50 per cent). In this age group Astana was almost consistently present 
from five months after birth and conceiv'ably could have been the etiological 
agent of the pneumonia. 

In addition to the lesions produce<l by Jicam larvte m the lungs, there 
are transient microscopic changes in tlieliver, including small inflainnmtory 
foci throughout the organ, but not Involving the liver cells Liirvic that 
get into the general circulation may reach the kidneys, brain, spinal coni 
and muscles of th ’ ’ • !>erious lesions 

Several investigal • (1925) and 

Fulleborn (1929) of experi- 

mental animals exposed to human Jicom infection. Usually the larva*, 
at times almost adolescent wonn.s, remain in the cerebrai arterioles vvhicli 
they block, but at times after penetration into the brain substance, with 
occasional granulomas. However, the most fr^uent finding consisted of 
hemorrhages, in the meninges but p.irticularly in the cerebellum and floor 
of the fourth ventricle. Rarely Ageans larva? reach the ophthalmic artery 
and, lodging in tile small vessels in and around the c.veball, pnaluce retinal, 
choroidal or intracorneal liemorrhagcs, or they may escape into the v itreous 
(Calhoun). Acute nephritis has Ih*cii observed in heavy infections, with 
larva* in the urine. 

2. The Adult Stage of the irorw.— The maturing and ailult worms 
normally live in the lumen of the small intestine, fteding on the '•eiiii- 
iligestcii food mass, aiwl at timi*s on small bits of intestinal imaos.i which 
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tliey ina.v obtain liy (einporiiry attachment to the villi. It is even possible 
that they iniiy occasionally suck bloofi from the bond wail (Ilrown, 1931) 
The number of ascaritis present in the human bowel will vary from a 
single female, or rarely a single male, to many Immlreds. It is not unusual 
to ij/jd bvvera} hun(}rc<is in chihlrcn under five years of age in the Pediatric 
Service of tlie Cliarity Hospital in New Orleans. ^Y}Iefc’ large numbers are 
present, there is cljaractcristically considerable variation in their size and 
stage of maturity, from mature individuals soinewhat smaller than a\erage 
to those whidi have recently arrived from the lungs and are no larger than 
a small j>in. Aeecjnrmg to KuUehorn (1932) llyrle found J-188 worms in one 
ease u hiclj came to auto|)',y. In infections consisting of only a few w orms 
j)atieiit.s may su/fer no appreciable iiicomenience, but even a single aonn 
may produce digestive disturbances. The rnosl common complauit h 
inienniUent inte-itinal colic, fii cluhlrcn with Aecaris infection there is 
ebaracteristically a protiibenmt abdoiueii. Normal digestion is disturbed; 
there is loss of appetite and insuiiiiiia. Small children are peevish and 
frequently cry out in their sleejn Infected individuals sensitive to Ascaris 
emanations may dex-e/op generjdiztd toxemia or specific nervous complica- 
tions. Ilcflcx nervous symptoms arc particularly common among small 
children. 


Surgical Complications in Ascariash.—Dne to tiie relati\’cly common 
occurrence of intestinal aseariasisaud to the prevalent idea of its harmle^ 
ness, the seriousness of many cases is frequently overlooked.^ Miiwidskj 
(IWj) has outlined the types of complications in uhich immediate surgical 
intervention is demanded. (I) There may be a sudden development of 
ileus., which may result from mec'haiiical obstruction from a twisted moss oJ 
WTithing worms; it may be paralytic, spastic, invaglnative or volvular in 
nature. ( 2 ) Perforation of the bowel may occur, particularly in the region 
of tile ileo-c'eeal valve (See 1‘ ig. 249). (3) Not infrequently there may be .an 
acute appendicitis or a diierUculHis (Milwidsky, 1945)^ (4) i 

duoiknal trauma may result, suggesting |>cptic ulcer. (5) 
blockage of the ampulla of Vater, of the common bile duct or en O , 
parcneiiyma of the liver. Vang ami Liiube (1940^ refer to ^ 
biliary ascariasis collected by Aviles (1918), 12 more \hscovered .a a . 
in the Pliilippines, 9 eases re{>orle<l by Morton (1928), 30 addi ‘ 
of rh’in (193.3, 19.37), .3 of Ch’eji (1943) and 18 more observed in J. 
West China during 194.3~194l>. Tiiese patients 
epigastric or right quadrant pain, voinlting and other , /, >. 

cJioIeiithmsis, Additional eases not known to Yang Tpoorted one 

been published (Li, 1945; Malice, 1945, etc.). ( 6 ) Chin C W reporte^ 
case of acute hemorrhagic pancreatitis. (7) mnmne 

probable etiologic agent in pleural empyenia and p sudden 

(Stiles, 1921; Middleton, 1920). ( 8 ) J; (10) 
obstruction of the larynx (Dixey, 1029) or (9) ;„[,ludin« 

There are numerous records of genito-urt/ia/y tree q. „ 193 G), and 
obstruction of a Fallopian tubule V • , -^d iVang, 

blockage of the bladder or 

(11) There is a single, almost ^"J^****’^® luay be pass«5 

by an Jscaris (Boettiger and 4^eme, 19-o). .■ 
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spontaneously i>er amim, may wander into the stomach and be vomited, or 
may escape through the nares. 

In addition, aseariasis may produce symptoms of meningitis or of 
epilepsy, or there may be ocular disturbances, especially hemorrhage into 
the retina or vitreous, with associated palpiebral eilema (Drouet, Thomas, 
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1 he blood picture is not pathognomonic, althougli there mav be a Ioh- 
gn^e anemia and an eosinophilia of 7 to 12 per cent or more may be present. 

Diagnosis.— 6/unco/b/ the presence of Jmimin the body is accompanied 
by symptoms which range from essentially asymptomatic to very gnnc. 
llie manifestations are protean and there is no distinct svtuln'me. hi 
hrouchopiieuinonia, ac 

pancreatitis and many _ • , as loss 

of appetite and weiglit, insomnia, ner\'ous states, and even ocular disturb- 
ancx^’, ascariasis iiiust be considered- A history of residence in an endemic 
area, particularly in the case of small children, adds considerable weight to 
claims for consideration. The spontaneous passage of adult or immature 
ascarids jter anum, per os or per narem provides specific evidence that infec- 
tion has occurred and may still exist. 

The presence of adult ascarids in the bowel can be diagnosed on the basis 
of finding the fertilized or unfertilized eggs in the stool, except in infections 
where only male worms arc present, a condition not unique in children. 

I infer the latter circumstances diagnosis must be made clinically and 
ciiecked by the therapeutic test. diagnosis of Asearis imeumonia, 
conesponding to the period of larval migration through the lungs, can be 
made only tentatively, to be checked by oxarnination of the feces some 
vNceks later wlien tlie worms become egg-laying adults in the intestine. 

Therapeusis.— Treatment of Aictfrw-lnfected patients in former years 
was primarily dependent on the administration of santonin or oil of cbeno- 
podium. Tile efficiency of santonin is very much lower than that of oil of 
ciienopodiuin, but because of its relative safety, it lias been the drug of 
choice, particularly for administration to children. 

Semtonin does not irritate mucous membranes and is essentially non- 
toxic to the respiratory and circulatory systems, although it injures the 
central nervous system and the cent ere of the special senses, which it ten > 
to paralyze (Desoille, 1037). As an anthelmintic ft rarely Wils 
in therapeutic doses has a worm-removal rate of about 27 per cent ( « 
and Augustine, 1929). A tolerated dose (O.OG to 0.2 Gm.) is com met 
with calomel (0.2 to 0 3 Gw.) and should be followed by saline purgation. 

It should never be administered on an empty stomach. _ . 

Oil of chenopoJunn, or its effective fraction {ascaTidor),is too o.t 
recommended use in full therapeutic amounts (3 to 4 cc.). iL^ 

cases of hookworm infection accompanied by ascariasis, tetrac i ore ^ 
or carbon tetrachloride in the amount not in excess of —r cc. w j 

,.;i t of thp rntnbined drugs for e.wi 


ascarids. It does not remove the worms but frequently s i • 

excessive movement, which is harmful, and 

patient. Telrachloretkylene has practically no value ^ 

violet medicinal has only slight anthelmintic proper les g 

although its administration for strongyloidiasis or oxvur a 

indicated by the presence of Asearis (Brown, of tlioice in 

Crystoiils anthelmintic (hexylresorcinol crystoidv 
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treating abcariasU; it is both highly efficient and essentially non-toxic in 
^5C(irw-infected patients. The iiig is available in hard gelatin capsules, 
in 0.1 and 0.2 Gm. sizes. This anthelmintic acts b> penetration of the 
woim’s cuticula, ^Yhich is increased greatly in the presence of very low 
concentrations (0.05 per cent) of sodium oleate (Trim, 1044) In thera- 
peutic doses, taken on an empty stomach, the drug has an ^.vcaris-removal 
rate of 84 to 92 per cent and a cure rate of 75 to 80 per cent (Lamson, 
Brown, Robbins and Ward, 1931). For an adult or a elnld o\'er ten years 
of age, 1.0 Gm. is the indicated dose, for children of pre-school age. 0 4 to 
O.G Gm.; for children in elementary schools, 0 0 to 0 8 Gm The medication 
is gi\en m the morning on a fasting stomach, with care not to crush the 
capsules before swallowing. A normal noon meal may be taken. While 
purgation is not necessary to prevent toxic symptoms from the drug, it is 
desirable to e^ aeuate dead or dying worms If hypermotility of the bowel i.s 
demonstrated, greater effieiene^x will probablx be obtained by omitting the 
post-treatment purge. 

Surgical interference is indicated where acute obstruction has been 
produced. In these cases purgation and anthelmintic medication are 
absolutely contraindicated 

It is important to remember that ascaricidal drugs are effective only 
after the worms have completed their lung journey and have become 
resident in the small bowel. There is no known anthelmintic treatment 
for the larv al worms in migration 

Prognosis.— i'Ucarw infection is not serious except in profound Ascaria 
pneitmoma, acute intestinal or biliary-duct obstruction or perforation of the 
intestine. 

Control.— Ascariasis is common in all tropical and Oriental countries and 


of considerably greater exposure. The investigations of Cort and his 
colleagues (1928-1933). of Ilcadlec (1930) and of other epidemiologists 
have demonstrated that ascariasis is primarily a dooryard infection, ami 
that children “seed" the soil with tJie eggs of this p.xrasite, because then* are 

n. 

s alone is 
'Mscflri'.* 

cm ironnicnts'’ and soon pick up new infections, which may have been 
deposited on tlie soil many months previously (Headlec, 1930). 'ilius, in 
every Jarari^famil.v orcominmiitj intcnaiveh.vgienic measures are needed. 
E\ ery home should'hav e a sanitarj toilet (or in tropical countries, adetjuate 
banitarv group latrines), and small children must be taught to use them 
consistently ((’ort. 19.31). Such instruction eaiuuost effectively be carried 
out in the elementury wliools, and through them to tlie hoines. 

In addition to direct exjxisurc* from "infective soil,” In areas where 
hmiun iiightsoil is u-ed as fertili/er for truck crops, as in the Orient, infec- 
tion i^ not uncoinmonlv at ((Uircsl fn»m the c*oiisninption of nxw roots, stems, 
Icav es and fruits w liieh dev clop iii, on or ncsir the gnniml (Walker, 1927, in 
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„»« . . ' * i.’ " ' 'r’l infection, fully embryonated Jscarij 

tf.g5 .irc at times taken off the ground and carried by air currents, and in 
tins iray may get into the throat and be swailoaed. Bogojawlenshi and 
Itcmidowa (1928) found Jseara eggs in the nasal mucus of 3.2 per cent of 
school children whom thev„v..~..-..a-_,; ^ Cram and Hides 


' ' ■■ . . *.*'.*' ipresentinsJudgeiiifl 

' ■ * ■ " ■ * '*.*«- 1-— aaav/aai.uii,- content is reduced to 

i) per cent or less or if the temperature is niised to oO® C. or above. Methyl 
bromide treatment kills only unembrj'onated eggs. 

M^iile there is the remote iJossihility that man may occasionally become 
infected with ai5cari.?from swine, hy and hirge, man is the source of his oun 
/Isearis infection, and preventive measures should be directed towards this 
cud. 


Gknus Toxocaua Stiles, 1905 


(genus from rS^oy, bow, and Jropa, licad) 

Toxocara canis (Werner, 1782) Johnston, 3916. (The dog ascarid.) 
Synonyma.— iwjn6rjcu« canw Wemer, 1782; /tscem cams (]Veraer, J7$2)! 
Gmelin, 1790; -Ucana mj/sloj eanis (Werner, 1782) Blanchard, 1888, Railhet, 1S93; 
ToiascaKs limbata Raillict and Heno', 1901; roioscana marginala tciper, 1907; 
Toxoacarte cams (Werner, 1782) CastcUani and Chalmers, 1913; Bclascaris canis 
(Werner, 1782) Garin, 1913. 


CO. . • . - . 

Thu iiuiitiB are 4 to u cm. Ions and the females fi I' tn 19 cm. long. The worm (Fig. 

oral structure of the 

•. . • extend some distance from 

■ . * ..WHS uio; are much longer than broad, 

and in cro&s*scction (Fig. 250B) have a deeply cleft, tlirce-prongcd core, wme 
supports almost the entire wing structure. At the posterior end of the male \ g 
250C) there is a scries of several j>airs of pedunculated, and three pairs o 
papill®. The spicules are long and curved, slightly unequal, and ® , 

(Fig. 250D) arc ajjpreciably convcxo-concave. The vulva 

and measure So to T5 n 


^iccording to Wnght (193G) there arc four larval stages . 

The adult dog is practically unaffected by the presence o* fre- 

tine. It IS congenitally transmitted by mother dogs to J ° . hv Xccot6- 
quently succumb to the infection during the first two or three m e clvmttia ted 

ing to Brumpt, three or four months after maturing, the 
.spontaneously from the host, which becomes immune to rci ec 

Toxocara cati (Schrank, 1788) Brumpt, 1927- (The cat 
Synonyms.— Ascaris call Schrank, 1788; 
mysiaz (Zedcr. 1800) Budolphi, 1802. 1910; 

Glaue, 1909; Belascath mystax (Zeder. 1800) Cas eUani and l 
Bclascaris call (Schrank, 1788) RajlBet and Henry, I9ii. 
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This ib the common ascarid m the intestine of the cat, in \\ Inch host it is cosmopoli- 
tan It has also been recorded from the wild cat, the lion, the leopard, Fehs minuta 
and F. mamculata. There are 10 recorded cases of this infection from the human 
hobt in Europe and North America (Snartzn elder, 1941), but the possibility of 
spurious parasitism in some of these reports is not excluded An example is the 
case brought to the author’s attention, in vhich it was found that a child, in whose 
stool eggs of T. call were once diagnosed but whose later stools were negative, had 
innocently swallowed feces of a jiet kitten The adult worms (Fig 251A) arc 



I K. 1*60 -roiOMrt Ciinx! antcrivr end or worm. >cntral mcw. .'howiiiK labia »nd 
< cnical alffl, X 10 D detail of cross-e«uon ibiouidi ceniral rrgion, blio«ing structure of ala; 

C. iKJbtcrior end of male, lateral tiew,bbo»nii«t«o«-».w>tli adjacent iioruons of rectum, ductus 

ojaculatorius, lopulalory epiiulcs and prcanal and poatan^ iwpillir. X M. D. crosa-ecction 
Uirousb epiculc. with cntelopmg alicalli. cit* X 2S0 tOriRinal ) 

characterized by haMnij, on the lairdcr of the ccrxical region, a lieart-'haixd lateral 



4SU 


I’llAXMlu xmi.: 


OF MAX 

measure 1.7 to J.f)^; ™ Tho copulatorv 


Uterine duct h long, 
pitted, and measure ( 
and otlier unfavorabl 



*-“*»<onment. 



bequa), 
to ha\e 



1 „ of>, -t. aiiteiiorendof worm. \cntral MOW, 6howinKlabiaandcenif*J 

' j ' , ft cTOss-scctjon throuKii ccraical r«*aon, showing structure of aJa; ^• 
male, lateral view, showing cloaca, with adjacent portions of rectum, ductus 
fi rl. oi, sptculea and prcanal and postanaJ papiU®. X SO: D. cross-scctio” 


the part of their hosts. 
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Gexls L\GOcmL.\^c\His Leu'lr, 1909 
(genus from Xo 7 «j, and x«iXor. luredipped. and acrxapiT, helminth) 
Lagochilascaris minor Leiper, 1909 

Synonym.— Lagochct/ascaris jittnor Leiper, 1909 of yantham, Stei>!iens and 
Theobald, 1916 

The normal habitat of this worm h the mte>tme of the cloudy leojxird, Felis 
Ji(buIosa. Sj>ecimens of this specie?, sexuaUj* mature, have been found in man .) 
times, from subcutaneou® abeces.'cs m the neck, lu the vicinitj’ of the angle of the 
jaw, in the orbit, and in tonsillar abscess pockets in 4 nati%cs of Tnnidad; and also 
from a mastoid abscess of a patient in Dutch Guiana. Tlie male worms measure 0 
mm m length by Q 4 mm. in transverse diameter and the females, 15 mm. in length 
by 0.5 mm in thickness. The |»ara?ites lack cervical ala* but have a triangular 
keel-hke cuticular ledge along practically the entire extent of each lateral line. The 
three large bps arc covered hj’ a heavy investment of cuticle, each one havnng a 
distinct vortical cleft, the entire labial structure being sejiarated from the body by a 



Fl(> >32 —Lttffoc^Jiucaru minor .1, anlrrior cimI. ?tK)«iua the two %entral lips and the 
iiitcr\oninK senlral gnioic, U, jioslcriorendof niaJr. ^ontral >!«■«. ^how ms cloacal opening and 
adiaront papillar pattern C. egg, X 230 (Viler Leiper, IVoe ZoOl. Sor London ) 

(loep annular furrow (Fig 252.4) Tlie male )ia.s about 24 jialrs of prcanal papilbc 
and 1 double jiair and 4 single jiairsof imstanal Jiapill.r (Fig. 252^) The copuLa- 
torv “piculcs arc Mihd colorless nnls measuring 0 35 mm. and 0 4 mm. rrsiwctiv ely 
in length The vulva is preftpiatonal m jiositioii Tlic unbranched jwrtion of the 
iiternic tulie is directed antenad from its vulvar o|>ciiing The ovaries and uten he 
m the middle third tif the body The eggs (Fig 2.520 arc globo'C, dear m color, 
thick-shollcd, and have ruiierficial piltings like tho'C of ro/wrtr<i ra(i. They 
measure 6-5 p m diameter 

Nothing IS know n about the life cycle of this nematode, but infi'ctioii is prolwibly 
direct, the wuriiia in the human host Iiecoming lodged in abnonn.al foci dunng thcir 
migration route through the liody, and developing there into mature sjiocinicns. 
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Suborder Spirurina (RaiUiet and Henry, 1916) Pearse, 1936 

(Synonyms, Sjnrurata HaiRiet and Henry, 19) 5, FiJariata Skrjabin, 
1915; Filarida Sprelm, 1927) 

This suborder contains an assemblage of species of diversified tj’pes, but 
liaving tiie common characteristics of being long and usually attenuate, 
with a slender esophagus lacking a cardiac bulb. The females are larger 
than the males. The life cycle involves one or more intermediate hosts, of 
which tile first is probably in all cases some species of Arthropod. Human 
representatives are found in the superfamilies Spiruroidea Kailliet and 
Ilenrj', 1915, and Filarioidea Weudand, 1858. 

SupERFAMiLvSiniwuoioEARA.iLUET AND Henry, 1915 (Spirurod Foiuis) 


This superfamily comprises tl\ose species of filiform or somenhat more 
robust t3'pe. with or without pseudo*iabia, having a slender esophagus; an 
intestine without diverticula; caudal aloe conimonly present in the male; 
copulatory spicules usually unequal; and a vulvar opening frequentlj 
equatorial in position. The species parasitic in man are grouped in the 
families Spiruridse Oerley, 1885, Gnathostomatid® Blanchard, 1B95, rhy* 
salopterid® Leiper, 1908, Thelaziid® Railllet, 1910 and Acuanld® Seura , 
1913. 


Type Family SPIRVRIDX Oerhy, J885 

The members of this family possess tAvo or four triIob^» 
lips, and at times accessory ventral labia. Tliere is a chitinoid oral \ es 
in front of the esophagus. In tlie male the well-developed cauda ® 
supported by pedunculated papill®. The females are oviparous 
viparous). The adults are parasitic in the tissues of the diges 
vertebrates. The eggs contain mature larvse at the tune o o\ jp 
The worms require an intermediate insect host, in the tissues o 
hrvfe become encysted. Cases of human infection with 
have all been diagnosed us belonging to the genus Gongy oii • j,j 
worms should probably all be designated ^s Gongylomna F; '" . ^itli 
addition, there is the rather remote possibility of human 
species of Habronevia. (Vide in/ra.) 

Genus GoNcvLONtuA Moun, 185i 
(genus from yoyyvXos, round, and thread) ^ 

Gongylonema pulchrum Aloliii, 18.)7. ('fhe gullet worm, P 
gongylonemiasis.) 

Synonyms.— Ftlana labialis Pane, 1864. (7) ^dario (Lcurl^d 

Spxroptcrascutcia (Leuckart, 1873)Kor2.1, ISTTAnGong^Mcm^cut 
< 482 ) 
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(?) Gongylonema ransonii Chapm, 1922. 

Historical and Geographical Data. — This parasite as first reported from man by 
Pane in Italy (1864). At least ten additional human infections lia\e been placed 
on record: 1 from Italy by Alessandnm (1914), 0 from the United States (I by 
Ward, 1916, from the loner bp of a si\teen- 3 'car-old white girl in Arkansas, 1 by 
Stiles. 1917, from the lip of a white woman in Fionda; another by Stilc», 1921, from 

■ * by Stiles and 

" Virginia and a 

. 1 which a worm 

... lie lingual gum 

behind the front teeth of a patient;” 1 by Random, 1923, trom tne buccal mucosa of 
a young wlute male in Louisiana, and 1 by Waite and Gome, 1933, from the hard 
palate of a ♦’'■'♦v.vpnT^lH white male mAlab.atna),l from Kharkov, in the Ukraine, 
USSR 

Jugoslav, 

Status ot .uu 

nematodes secured from \arious dcfimtne hosts is very unl^atl‘*fscto^y, due to dis- 
agreement of ^anous imestigators as to what characters may be relied upon for 
species differentiation m this genm Tims, there may be one to six different species 
in the group placed with son 

Con?j/fonmo pulchrum, while ‘ 

spirnfeMolin, lSo7and e\en G 
synonymous w ith Cf. pu/eftrum 

size tariation of the worms, m the different dcfimtitc hosts, in the range of size ot 
i - • f ♦ .1 4l,n nnir mpIL 


(ff ri 

The 

Structure auu Ldo V/ via V4 —u ... ^ 

which the parasite develops t«> n iimxiimim si/.e, as the optiimiin hosts and 
tlio pig .iiid man .is somewhat less suitable for its eomiilete development. 
The male reuciics a inasiinuin Iciigtli of 02 luin. hy O.lo to 0.3 min. in 
di.imeter, and the female, 1 l.l iiim by 0.2 toO 5 mm. Tlie anterior extrem- 
ity (I'ig 2.)3 .1, 7f) i> < 
usu.illy arrangeil in alio 
four Mibimsiiaii fields. 

side, is found about 0 1 to 0.2 mm. from tlie anterior extremity, tsligiitly 
iH-hind tlic.se there .irise-, .i of tmiraJ ahe. whicJi tcrmiii.ite a short 
ilistance in front of the posterionnost eiiticular liossca. The entire cuticle 
cs i har.ictcriml hi the jwisscssion of fine transverse* striatioiis. The month 
IS small and is pniiidisl with ,i fiiiiiieI-sli«ilHsl ciituiilar ritii, iininislmtel.v 
lieiiind which tliere is helicMsf to iw a gniiip of s{\ mimite eepli.ilic p.ipiihe. 
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Ihe buccal vestibule coiiMsts of a short capillary tubule, varying from 
40 to 80 n ill length. The anterior portion of the esophagus is a cylindrical 
muscular tube; the posterior portion is longer and stouter, and has glandular 
walls. Ihe e.xcretory pore is situated in u small crater-like projection of 
the cuticula on the ventral side, a short distance in front of the junction of 
the two portions of the esophagus. 

The caudal end of the male (Fig. 253 C) is provided ^^ith distinct lateral 
alie, which are appreciably asyiniiietrical, the member on the left side 
arising further anteriad and also e.xtcfiding around the caudal tip. There 
arc from 2 to 8 (usually 5) pairs of subventral, pedunculated preanal 




Fia. 253 — Gongyloncma pulcArum. .1, aiitorwrcnd of worm frora ^*^**^*^r!m reservoir host. 
X 70 (after Ward, in Journal of PaniMloloBy): U, anterior end of worn 
lateral view, X SO (after Baylis). C. i»Htcnor end of male, \entral 3,0 

papilla), spicules and eubernaculum, X SO (after BajUs). D, egg. 

(after Fibigcr.) 

papilla;, 4 pairs t)f subventrid, pi-duiiculatcd nMfi*|!^'^copulatory 

4 pairs of minute jiapilhe at the „;i^_ appearance 

spicules are extremely unequal in length and ^^*^?!V x i,u]ar shaft ai’'^ 
The left spicule is long (4 to 23 mm.) and narrow, ^vl ^ jg 


.. nd 
nun) 


1 1 spieuie 13 iuiia ^ . • . . ^ 

narrow membraneous alte. The right spicule is s lor I anterior portion 
and broadly winged. The gubemaculuin has a V-s lap 
and an expanded posterior part. ^ hlmitlv conical. The 

The posterior end of the female is ;-„,,:tuatedsoinehttie 

vulva is thick-\\ ailed and is slightly protuhcnuit, e vagina is 

distance in front of the anus, which is subterpunal. 
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long, extendijjff anteriad from t}»c vulva to the equatorial rt'ghn. The 
divergent uteri extend nearly to the extremities of the uoriu, where they 

the capillary ovaries. 
. D) are einbryonated 

. . ly 25 to 37*1 in lesser 

diameter. 

When evacuated in the feces of the host, the eggs remain dormant until 
swallowed by an appropriate insect, whereupon the.v hatch in the digestiv e 
tract of this insect The emerging larvie i»erforatc through the intestinal 
wall into the hemal cavitj’ and become encapsulated. They normally reach 
the definitive host again by being ingested along with the insect host. 
Ransom and Hall (1915) showed experimentally that several species of 
dung beetles of the genera and OnlAopiaffi/s as well as the small 

cockroach, Blattella germumea, serve as intcrmevliate hosts of the form 
G scu{a(u?n, while Baylis, Sheatherand Andrews (1025) demonstrated that 
the feeding of naturally-infected dung beetles (Onihophagus iatinis, Cac~ 
cobtus ichreberi, Aphaliva Ji)iiclariua and Sphserulivm sp.), as well as 
experimentally-infected lilattcUa germanica, to sheep, and of experi- 
mentally-infected Blattella germanica to calves and pigs, produces typical 
infections in the esophageal wall of the mammalian host. Once within 
the digestive tract of the definitive host, the larvu* probably burrow Into 
the wall of the stomach or duodenum and migrate along the wall of the 
tube up to the esophagus or oral cavity. Baylis (1925) demonstrated that 
the larva do not migrate through the blood stream. 

Further cross-expcrimental work of an c.\tensivc cliaractcr is required in 
order to determine whether the gongj lonenuite nematodes from these 
several hosts are one and the same species, or whether there are morph- 
ological or phvsiological grounds for rcgawlmg at least some of them as 
closely related but distinct species. 

Epidemiology. —Iluin.vn infection with (iongyjoimiia is both incidental 
and accidental. While the exact origin of the worms recovered from man 
is not known, it is possible that the larvie wen* ingested in ravy drinking 
water, into vvliieh infected Intermwliate hosts h:ul fallen and were dis- 
integrating. 

Pathogenesis, Pathology and Symptomatology.— In non-huinan mammal- 
iin hosts the congvloiiemate Morms are found in burrows in the mucos.* 


of the worms migrating to the esoplrngus, which is the more tisUal habitat 
m nuninaiits. Tlie patients luirhoring the ])arusi(cs were conscious of tlieir 
presence and of their migrations. In one case the worm may have ijcen 
<iircctlv or indirectly resjxmsible for an af*uti* /diary ngjtis and sfoniatifJs, 
III ut least two of the patients si'\t*rc nervous symptoms, whuli iui-oni- 
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panied the presence of the worms, disapixaral as soon as the parasites hail 
been removed. It seems probable, therefore, tliiit both local and indirect 
symptoms are produced by the presence of these worms in the oral imico.M 
or subdermal comieetive ttssue. There is no evidence, lioweter, that 
Ungylonema pukhnim produces neoplasms of the digestive mucosa such as 
G. neopinsdema and G. utintah of rmle/lts have heen found to do. 

Diagnosis The presence of these tliiwui-h'ke worms actively migrating 
through bubderinul tuiiueJs of the oral cavity suggests the possibility of 
gougylonemate nematodes. S}>ccifie tliaguosis cifn he made only after the 
worms have been removed and cure/uJly examined under the microscope. 

Tberapeusis.— Ihe worms may be removed hy skillful insertion of a 
hooked needle under the worms when they come clo'^e to the surface in the 
region of the thin labial mucosa. 7n one case an antiseptic mouth uash 
containing thj'mol stimulated the worm to work its way out of its tunnel, 
so that it was easily removed with the fingers. 

Control.— Infections in man, like those of other mammals, are probably 
acquired from accidental ingestion of infected insects, the cockroach, 
Blattella gennanica, being the most likely human contact. Houeier, the 
possibility must not be overlooked tiuit iarvm migrate out of disintegrating 
cockroaches and may (le swallo\Ne<l in contaminated water. In human 
cases prevention is a mutter of jicrsonal hygiene. 

Gcnu.s IIauuonema Diesing, 1801 

This spiruroid worm lielongs to the type Family Spirurida;, subfamily 
Spirurinre. Adults are parasitic in gastric tumors of mammals and birds- 
Three species, If. inusex, II. megustoma and //. microstoma, parasitize the 
Jiorse and utilize J / usca domatica, Siomoxys cakUrans and otlier filth files, 
whose larvaj feed on horse manure, as intermediate Imsts- Kggs laid by the 
female worms escape through openings in the tumor encasing the 
pass down the digestive tract ami arc evacuated in the horse’s feces, iuc 
embryos are ingested by the fly maggots, develop through three iana 
stages and survive in the tissues of the fly until it becomes adult. 1 cJ 
then escape down the fly’s proboscis onto mucous membranes, as 
junctiv'al epithelium, or into open sores on which the adult 
They produce habronemic oplitlialniiasis in horses- Bull tlv--/ ^ . 
suggestive evidence but no actual jiroof that the mature larui ^ 
Ilabronema wms responsible for a granulomatous tumor of o 
diameter which was removed from tlic conjunctival epithelium o i 
left eyelid, near the external canthus, of a thirteen-months -o • 
in the Adelaide, Australia, Hospital. Kven in horses ^ .j 
transient, since the larval ncmatotle h not able to survn e tl e p 
cytic action of host-tis&ue cells. Bull suggested that bung ej 
of the Australian bush maj- be caused by this worm. 

Family ONArmsrOMATW.E li. llhiwlmnl, ISOS 
The species of this family are clv.iractcri/.crl by ; *i™or rowi 

bulb, provided either with conspicuous trairsvcrse s • ^ 

posteriorly directed booklets. The inoutlt^posscsse-s . j ' ^ ,j,(, p.jjr 

lateral lips, with thickened cuticular &urfaa‘>, viich 
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being opposed to its mate. Opening into tlie peri-esophagc.il region of the 
head are the ducts of the two (or at times three?) pairs of long club-shaped 
cervical glands. The male has four or more pairs of papilla supporting the 
caudal alse, and two spicules. The \ulva of the female is postequatorial; 
the vagina is directed anteriad. The females are oviparous. The eggs are 
tlun-shelJed JUid sculptured. Ttvo species of the genus Giwthosioma {G. 
spintgerum and G. hispidum) ha\e been reported from man. 

Genus Gx.tTUosxoM^ 0\ve.v, 183G 
(genus from yvaOos, jaw, and arona, mouth) 

Gnathostoma spinigerum Owen, 2830. 

Syjiooyias.~CheiTacanlhus robusius Diesmg, 1836; Chnracanlhus sianiensis 
1 icnn* f^nnlho’stnma siamcni^e (Levinscn, 1^)) Raillict, 1893. 




Deiintzcr from a breast abscess o! a natn’e «omaK Irom 



eases by 
cases by 

2 cases > ‘ • “ 

by Map 

Mukerji 

Monsln ' • 

<1918) 

unfounded, since Ileydon (1929) makes mention of G. spimgcrum oniy m cal.s 
More recently ToumanolT and Le-Van-Phang (1947) and TounianolT and Nguyen- 
Van-IIuong (1947) ha^e diagnosed two cates of (rnaftiostoma spou^crurn in Indo- 
china, once 11 ) a natne female of 42 years who may Iiavc contracted the infection in 
Thailand, and once m an Eurasian rcnialc of 22 years who had never li%cd outtidc 
Indochina The only reference to human bemgs liarboruig the adult wonns in tlic 
intestinal tract is that of Chandler (1927), who, on two occasions, found eto;s of 
(J)intkoslomii sptniffCTum in examination of stools, presumably human, from Iliimia 
and Eastern llciiRal, where the infection is common meats Thailand w the coun- 
try of greatest prcxalcncc of this worm, Iwtli in human and rcscrxoir ho-ts. 

Structure of the Adult Worm.— The adult worms in the type host {Fclh 
tigru) reach a length of 11 to 25 mm. for males and 25 to 54 mm. for females. 
Ill dogs the worms are somewh.it smaller and In cats c\en more ix-stricted 
in size The females are also stouter than the males. They are nibnst 
nematodes, rc-tldisii in color and slightly trans}Kirent, with a globular 
cephalic swelling separateil from the rest of the laxly by a c-cr\ical constrie- 
tioii (Fig 251 if). The ond end is frwjucntly curseil \enlnul, while (he 
jxisterior end is strongly niUrvisI \entrad and inwanls. In tumors of the 
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iiitestmai tract, t>ie worms arc tigliDy c«ilc<l within the cavity of the 
nodule, which contains one or more adult individuals. 

The anterior half of the worm’s cuticuk is provided with leaf-hke spines, 
which are most common in the area immeih'atelv hh\>'^r.A • ] 

region and become Jess 

anteciormost spines (Fig. . ■ 

po.steriormost ones are na.. ^iuu nave onty a single point. The poste- 
rior part of the body is entirely devoid of spines and the cuticle is entirely 
smooth. Superficial annular creasing of the ho<ly is common. The globular 
cephalic portion of tlie worm bears two large fleshy lips that guard the 
inoutJi. The head portion of the mature worm is covered with eight 
transverse rows of simple, sharply-pointe<h recurved hooks (Fig. 254 C). 
The mouth opens directly into the esophagus (es), a large muicuJar tube. 



Fw. 254.— Gruiiho-iloma gptntgctim A. nntfrinr pfn\ nf 




L .au. «ry gfan* of n*M <. inl®."" ',S 

(adapted from Morishita and Faust. C«twand Und. 

Uutralview,i.hoHingpapill®and8p»culw^«, <^P*^ j x ild MI 

embrjonatodeggoft? gpimOerum. fiomliwsof nalHraUyin 

Journal of ParasdoIoEy.) 
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which extends se\ eral Jiiillimetcrs posteriad and in young specimens (Fig. 
254 E) may reach to the equatorial pane. This is followed by the intestine 
(i), which communicates posteriad with a short conical rectum (r), the 
latter opening through the anal pore (a) a short distance in front of the 
caudal tip (Fig. 254 £). Four large club-shaped cers-ical secretory glands 
(Fig. 254 A, E, cs) are arranged symmetrically around the esophagus. 
They lie in the body cavity and their ducts fuse in pairs on either side of the 
head to discharge through a common duct that perforates the adjacent lip 
In the male (Fig. 254 F) the posterior cud has a cuticular e.\pansion 
surrounding the genital apparatus. There arc four pairs of nipple-shaped 
papillaj around the cloaca. The spicules are unequal, solid, cliitmous 
rodlets, measuring 1.1 mm and 0.4 mm. resi)ecti\ ely. The Mih.i in the 
female worm lies a short distance behind the equatorial plane. There is a 
long, anteriorly directed vagina, which divides into two uterine tubes. The 
eggs (Fig. 254 G) are transparent oxoidal objects, with a scnlptnred or 
pitted shell and a mucoid plug at one pole. They measure <35 to 70 n in 
length by 38 to 40 m m transverse diameter and are in the unsegmented or 
2-celled stage of dev elopnient w hen oviposited 
The Life Cycle of Gnathostoma. —The life cycle of Gnaathostoma apni igenwi 
has been elucidated only witliin recent years. According to I’romm.is and 
Daengsvang (1933) and Voshida (1935), eggs are in the one- or two-c-elled 
stage when evacuated in the feces of the cat, winch is the common domestic 
reservoir and in which the worms grow to maturity. Embrjonation in 
water at 27“-31’* C. requires about one week. Hatching tlien occurs of the 
motile, first-stage rhabditoid larvie, which mo-asure 223-275 m by ]3.4~I7.4 
M and are provided with a rotund cephalic bulb beset with spines. These 
larv« survive free in the water for only two or three d-ays, hut if they are 
meanwhile ingested by various species of Cyclops, they penetrate into the 
artliropod’s hemal cavity' and in 10 to 14 days transform into second-stage 
rhabditoid larvie, measuring 350-450 p by 00-4>5 m and with a hc.id bulb 
provided with four distinct rows of spines, as well as a fimetional digestive 
tract and two pairs of cervical glands like the iimture worm. 

Frommas and Daengsvang (19.30. 1937) .iiid .\frica, Hefuer/o and (J.ircia 
(1030) discovercil independently that a sccoml intermediate host is re- 
quired. TJiis may be a fresh-water fish (Chnaa Lfitmchu.t, Moiwjjtcrua 
albiia, Ophioceithitius sinaliia in Thailand, O. (Uoasugubiua giurus 

and Therapdii argcnteiia in tlie Philippines), a frog {Haim riigiibmi, /itle 
Daengsvang and Tansurat, 19'W) or a snake {Python reliciilaliia, Xaja 
biiiigariia and .V. Iripudmna, fide ClhuidleT, 1925). The adolescent worms 
are encapsulated in the imisele.s, liver, mesentery or otlier tissues of tin's 
host. Tliey differ from adult Gnaihoatoma apinigerum in having only four 
mstcatl of eight rows of tniiisversc erphalic li<H>Ucts, and in this res}K“ct 
agree with the larval forms described by Morishita and Faust (1925) from 
jH-rijihcnd le'sions in the liumaii host (liandlcr (f. c.) suggests that the 
worms only attain the full complement of cephalic booklets after a final 
moult It is significant to note that the woniis clescrihesl hy Ix'ijXT (19(X)) 
anil Tamiir.i (1921) from iieriphend foci in man were pruvidexl with eight 
rows of eTplialie luMiklets. anti in ImUIi size and stnietnre were pratli'cally 
mature. 
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I’romimis iiiul Diiengsvuiij; (1937) fwl tlie iimnaturc worms, obUineil 
from (isii liosts, to tliree Hiiuifcctal cots. Two of tliesc animals trrame 
positive oil tile lOStli ami 223nl day respectively after feeding ami, iihen 
sacrificed l.atcr, each liiul a gastric tumor, in the hollow center of which 
iwiUJt (jnatno.'tUmn Hpinigeruin Here ftHitul. 

Epidemiology.— In X.-iture the rcscrv'oir ljO!>ts acquire infection from 
consjitnifi^ infected fresh-water iiblies, frogs and snakes. As jet it is not 
known wlietlier liuinaii infection re.sulU from tliis type of exposure or from 
tile accidental swallowing of infected Cyclops in raw drinking water. 

I'ourteen of tlie 10 cashes speeifieall.v rejiorted fnim Thailand, 4 of the 5 
from India, and one of the 4 from Japan ai»l Cliina were females and the 
remainder were males. In a mujorhyof the cases reported bj’ Prommas and 
Daengsvang (19.'14) there uas a history of cats in the home. 

Pathogenesis, Pathology and Symptomatology.— r..esions produced in the 
iligestive tract, jirimarily in the stomach, have been described only from 
reservoir Iiosts. Tliey consist of indunited luxlules, formed of host tissue 
arouml one or more mature or maturing worms, whicli lie free in an abscess 
pocket in tlie center of tlie tumor. TJic worms are bathed with a milky 
purulent e.Nudate. There is frequently a pore from this pocket opening 
into the intestinal Imnen, through which eggs laid by the adult females are 
disciiargcd. There is no evidence of malignancy in the tumor wall. Thb 
typo of lesion is referred to as gnafhoslomksis infmifi. 

'I’he fesi’oiis'ohscrved in the human host have been almost evclusfi eh’ 
cutaneous or siihcutancous in anatomical position, and consist either of 
indurated nodules with ai)scesse<l centers or tunnels between the cpiderinis 
and corium, with infiltration of large numbers of eosinophils and lesser 
nuiiiljers of phusina cells. An infection consisting of such peripheral lesions 
’ • ’ cx/crmi, and in tlie migrating variety 

tn-a mignins’') whicli requires differentia- 
tion from that produced bv JiuoKworms (Tide pp. 435) or fly' maggots (n « 

Cr 


tion. Thirteen were nodular ami ele^cll — v... 

Localities in wliicli the former occurred were the breast, 

side of face, axillary node, abdomen, ear (mastoid-hke swelling;, ' 

forehead, finger of left hand, riglit side of chest, right thenar em < 

intra-orbital and anterior chamber of the eye. The creeping 

, . ... .. . I -.f iiw. oi-;,. A mmontN 01 


was ahriost always witliin the deeper layers of the skin. 

• K'Jiml for the first time oinj .. 


histories imlicate that symptoms apix’juw .nisrans' 

■ • 5 consulted, but some cases of 


days before iv physician w'as c 


had remained active for two to seven years the 

ria-tzy characterize the lesion lu 


ibed 


(1934). Maplcstone 
human subject as folk • 
swelling, w’ith or witho 

subsiding in a few days, at times with rare,; 

near-by or distant site; hematemesis, hemoptjs . . oj.f.,,sionalb' 

n.wl on removal ot worm, . 


appearing concurrently and subsiding on remova o ’ present 

witli an associated suppur.ition and abscess forma , ^ ^ „^.,mliling 


only in superficial lesions, edematous 


Celling somewhat resemb. 
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angioneurotic edema more typical; e<teinophilia relatively cliaracteristic. 
Toumanoff and Le-Van-Phung (1947) call attention to the eosinophilia and 
pronounced lymptocytosis frequently attendant on infection with 0 
sjiinigerum. 

The case of ophthalmic invohement reported by Sen and Gliose (1945) 
included a history of moderately sudden development of a dull aching 
pain on the left side of the nose, extending to the left frontal and temporal 
regions. Sw elling of the face occurred, followed by orbital cellulitis, with 
hemorrhage in the vitreous and retina Following four attacks of iritis a 
pigmented nodule was seen on the iris Inilammation of the region dis- 
appeared with removal of the nodule but optic atrophy developed. The 
nodule contained an immature Gnathosloina, having a length of 3.5 mm., a 
maximum width of 0.41 mm. and four rows of head spines 

Diagnosis. —Specific diagnosis can only be arriv cd at after removal of the 
worm and study of its peculiar structure, although inflammatory cutaneous 
swellings with marked eosinophlha, and a history of residence in endemic 
areas may suggest the presence of this helminth in the lesion (Castens, 
1935). 

Theiapeusis.— In gtiathoilomiasis externa, this consists in excision of the 
worm with its surrounding abnormal tissue. Tlierapeutic procedure for 
gnaihosfomiasis tnierna has not been studied 

Control. —No statement with respect to prophylaxis can be made until 
the epidemiology has been further elucidated. It seems altogether likely 
that man is not the optimum hovt of the worm It is problematical w lietlier 
the infective-stage larv® enter the human body rm the skin or via the 
mouth, although the latter route is the oonunon one for re.servoir hosts 

Gnathostoma hispidum Fcdtsclicnko, 1872. 


ftij 

and domesticated pigs in Central and Eastern Europe. It has also been rcixjrted 
from this host from Turkestan, India, < 

Uahaul, New Guinea It has Ikcu found • 

infection has been described from Tokjo, . . , ^ . 

the left thenar cnunencc. A young fcnialc worm was removed from the lesion. 


caudal extremity, and in having only one pair of small, ventral, alar papilhc on the 
male 

The clinical aspects of ffTtal/ionlomiasis Aupula, in general, resemble tlio-c of 
gjiiniffcra 

famili/ PllYSAWPTEIUD.Ii Jxtjier, 
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ends, llie vulva of the female is preecjuatorial. The eggs are transparent, 
thick-shelled objects and are embryonated at time of oviposition. Studiei 
})y Ortlepp (192G) indicate tJiat only one member of tbi.', fitmily has thus 
far been found as a human panisite. 

GeN’US l*llYSALOtTEUA IIUUOLI’JII, 1819 
(genus from bubble, and jrrefidy, wing) 

Physaloptera caucasica v. Linstow, 1902. 

Synonym.— Pkysaloplera morden$ LeijKir, 1907. 

Historical, Geographical and Biological Data.— This nematode i\as first obtained 
by Mi‘n4tri4s from the ileum of a jiatieiit in tlie Caucasus (v. Linstow, 1902). It 
was also obtained by Leiper (1907) m a native child in Uganda. Later Leiperand 
Turner (Leiper, 1913) found it to be quite common in natives of Tropical .Unca. 
Blackie (1932) has reported this sikjcics from a patient, asMeUasfrommonke 3 'sand 
the baboon in Southern Rhodesia. Faust and Martinez (1935) found Pkysaloplera 
eggs in the feces of a native of Panamd, but concluded that it as a case of spurious 
parasitism. 

The ^\orm lives attaclied to the wall of the intestine all the waj' from the esopha- 
gus to the ileum. Turner has also recovered occasional specimens from the mer. 
Leiper believes monkeys, w hich harbor the infection in Africa, are the reser^'oirhosts. 



(adapted from v. Linstow 
Antialea de Parasitologic). 
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Tlie worms are of considerable sih:, the males measuring 14 to 50 mni. in length 
by 0.7 to 1.0 mm in breadth and the females, 24 to 100 mm by 1 14 to 2 8 mm In 

, but are 
ry grad- 
larp tip 

The anterior end (Fig. 255A) is surrounded by a reflected portion of the cuticula, 
which forms a collarette around the head The mouth is surrounded by two fleshy 
lips, which are oblong m shape and lateral in position (Fig 2555, C) Each lip is 
provided on its median aspect with a senes of dental processes, consisting of a 
middle single-pronged tooth which is immediately apposed to a similar prong from 
the other lip, two double-pronged teeth similarly apposed, and a considerable 
number of intermediate minute denticles Each lip also bears two conspicuous 
submedian papillx, the four iiaptllm being situated in a quadrangular position 

The bursa copulatnt (Fig 265D) is composed of asymmetrical al$, of which the 
right member is shorter and slightly broader, and the left member passes around the 
caudal extremity and terminates just m front of the jiosterior margin of the right 
Typically there arc 4 pairs of pedunculate papilla* and 6 pairs of sessile or subsessilc 
ones, arranged as m the accompanying diagram (Fig 2550) An additional preansI 
pair may also be present The pencloacal cuticula is transicrsely bossed. The 
spicules are unequal capillary rods, gradually tapermg distally to a point, and 
commonly curled distally The left one has a length of 3 2 to 5 5 mm. and the right 
one, of 0.470 to 0 62 mm 

The x-ulva of the female opens m the \icmity of the posterior limit of the csopha« 
gus The vagina leads posteriad, becoming swollen in its more distal portion into an 
egg chamber Just behind this region it reflexes on itself and soon bifurcates twice 
to form four uterine tubules Two of these uteri with their oviducts and oiarian 
tubules ate svtuat^ autcriotly and two, posteriorly The eggs (Fig 2555) are 
smooth, thick-shelled, transparent, ovoidal objects, having a range m measurement 
of 44 to 05 K (length) by 32 to 45 (lircadth) The eggs m uUro contain mature 
larvsB 

The life cycle of Phystilopiera caucasica, like that of other f-pecics of this family, is 
unknown, but it is belicxcd that m«ects or other arthroj)od» serxo as intermediate 
hosts 

Cbnical Data.— The clinical a'-|)ects of this mfcclioii haxe not been studied 

Control. Unstudied 

Fauiih/ tiii:la%hiu-: Haiuuu foia 

MeinluTs. of this family lack difinite lips but usually a short 

buccal capsule The caud.'il end of the male is conspicuously rccurx ccl and 
may or may not ha\e al.-c but is usually proxided with prcaiial and at 
times postanal papilhv The eggs, wlu-a laid, are fully cmhryoiiatcd. 
Adults lixo ill the orliital. nasal or ond caxitics of mammals and binis, in 
the air-s.ics of birtls, or in tiie intestine of fishes. An intermediate insect 
host IS jirohably reeiiiired. Txxo species of the txjw genus. Thclaziii, liaxe 
iieen reportoji from man 

(Jkms TnfcL.\?i\ Host, ISHl 
(genus fn>m tfiiXafu, to suck) 

Thelazia callipmda UailUet and Henry, 1910 CHie Oriental “eye worm.” 
priHliieiiig tliel.izi.isis ) 

Sraonrmi. of Houghton, 1U17; FiUirut circunn/cutariM of 

W.'inl, 1018. 
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Historical and Qoograpliical Data.— This worm was first described by Railiiet 
and Henry (1910) from a single female specimen, recovered from the nictitating 
membrane of a dog in Ra^yal Pindi (Punjab). Since that time it has been found 
many times in the conjunctival sac of dogs in the Punjab, Burma, Central and North 
China. It has been recovered as a natural infection of cats m Peiping (North 
China), Chengtu (West China) and Kweiyang (South China), respectively by Hsu 
and Li (1941), Lu (1941) and Chin and Li (1942). It has been recorded once as a 
natural infection in the rabbit (Faust, 1927). There are six records of Tklazia 
callipxda in man, consisting of five infections with the adult worms in the con- 
junctival sac (Stuckey, 1917, in a Peking coolie; Trimble, 1917, in a Fukienese 
farmer; Hsu, 1933, in a Chinese boy of ten years at Changhsintien, Wanpinghsien, 
North China; Chin, 1942, in a young male, native of Hua Hsien, Kwanghsi Prov- 
ince, China, and Nakata, 1934, in a Korean girl), and one with larvs in an advanced 
stage of development attaclied to the epithelial layer of a wart-Iike papilloma of the 
lower eyelid of a western physician in Chengtu, Szechuan (Howard, 1927). Bar- 
low’s report (1921) of a living T. callipxda recovered from the stool of a Chinese 
patient after anthelmintic treatment apjiears to be a case of inaccurate identifica- 
tion (Faust, 1928, Hsu, 1933). Friedmann (1948) has recorded the first human 
infection of T. caUipxda in India, in a IS-months’-old native female. 



Fig. 250 


jG—fhelazui calhpieda. lioad-on view, showing 

X 6 (Adapted from Hsb. 1933, in Craig and Faust s Clinical Parasitology ) 


Structure of the Adult Worm.— The adult worms 
white in color, cylindrical in shape and tapering at both 17 nun. 

in size from 4.5 to 13 mm. by 0 25 to 0.75 mm. for males and 0 to i^ 
by 0 3 to 0 85 mm. f ’ ^ is niaitea 

defined transverse sti 
edges. The oral end 

each with a single nerve terminus; The buS 

pair of lateral amphids (Hsii, 1933). ventrally bal 

(Fig 257 A) presents the appe.arance of being discontmu 

Hsii states that it is continuous. _ ed posterior end. 

The male (Fig. 257 B) has a conspicuous^ ^ (possibly?) 

There are 0 to 10 pairs of sessile, preanpl papJUre a “ ,,,0 i? 

similar pairs in a postanal piBition The copu “t club-slaipeJ. 
number, one being short and rigid, slightly ti is ’ , r„i-slwpi-J 
curved lateral alie along the entire length, " ''b J vclitr.iU.v, son® 
and commonly less rigid. The vulva of the female opens 
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distance behind the equatorial plane of the esophagus. The vagina is 
directed posteriad, as is the outer portion of the uterus, which originates 
as a single stem just behind the ovejector, internally dividing into two 
arms, which parallel one another in complicated coiling in the posterior 
half of the body. The corresponding o\iducts and ovaries are also situated 
in the posterior part of the worm. The eggs are einbryonated when laid, 
are at first ovoidal and measure 54 to CO by 34 to 37 p, but their capsule 
soon enlarges into a spherical surface, with a finger-Hke evagination on one 
side, into which the larva crawls. The life cycle of the ^\o^m has not been 
elucidated but an intermediate arthropod host is probably required, as 



^ ta 2S7 — Thtlazui caJiipa-Ja. A. anterior of » otjo , bhouing bucrsl rap>ulc Ani) rutitu* 
lar plaitiiiK. X 3S0, U, posterior end of nule «orni, Miowirr prcanal and poatanal papillse and 
copulatory Hurulei. X 55 ( Uler Faust. Journal of Parafcitotosy ) 

lias been ilcni(mstr.iletl for the “eje worm”of the fowl, Oxyspiritra viansoni, 
whicli i).isses its iiiteriiHsliatc stage in a cockroach, \Micn a chicken eats 
an infected cockroach, the cncsipbtilaU'd lar\-aj of the worm are liberated, 
migrate up the esophagus, plbiryiix and lacrjuial thict, and emerge into 
tlie inner canthiis of the eje 

Epidemiology. — IiictJinjiIetcly clilcidateil. In rc'itrieti.sl endemic foci in 
and near I’cipnig, (’liina, dogs l)et*oine reinfected each spring or early 
^umme^ It i«> more prevalent in dogs and cats In South China tlian in the 
north of the country. 

Pathogenesis, Pathology and Symptomatology.— Thu worms li\e in the 
eoiijunetival s.ie <>f tlie ho^t. Onlliiarily tlicj pnKluce little conjunctivitis 
hut stimulate a sccrtlion of lacr>inal fluid. In dogs which iH‘come rciu- 
fetUsl e\er> summer the surfatx* of the cjehall becomes gnulually ojiacifiis] 
h\ the intermittent gliding of the woriiis acn>sHit4 surface Moieineiit of 
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the adult woniib over tlie eye ball may possibly be responsible for paralysis 
of the mubcles of the lower eyelid and cause ectropion (Trimble, 1917). 
ihe presence of the worms iii the conjunctival sac is accompanied by 
intense pain and givc.s rise to extreme nervous symptoms. 

Diagnosis. — Tlie creainy-wliite thrca<I*Jike u orins wliich crawl out from 
the conjunctival sac over the eyehall imiy' be removed with eye forceps 
and examined under the micwvscope. 

Therapeusis.— Instillatir)!! of 2 per cent cocaine solution into the con- 
junctival sac of an infected member will cause the worms to crawl out of 
the canthus of the eye, allowing their removal with eje forceps within a 
few minutes. 

Control. “Since man is only an incidental host, while dogs and cats are 
the re.scrvoirs of the infection, human beings presumably acquire the infec- 
t'ym through association with infected <logs, although direct infection is 
probably not possible. Periodic removal of tiiese worms from the ejes of 
dogs and cats .should reduce the liazanl of liuinaii infection. 

Among the 10 or more spmes of Tfiehzia described from mammals and 
10 from liirds (Price, lO.'lI), only one other, T. caUJurniensis Kofoid and 
Williams, lOdo, lias been reported .'is a human parasite- It has been 
recovered once from man (Kofoid and Williams, 1935; Ilosford, Stewart 
and Sugarmau, 1042), several times from dogs, once from a cat, once from a 
sheep, once from a black bear, from the Columbian black-tailed deer 
{Odoanleua hemwnh coJiniibianm) am* 

(Herman. 1044). 'rids speedes is sta • . . 
arranged pairs of preanal papilla* ami . , 


Famify ACUAHUDJi Semai, 10!3 
A species of spiruroid worm {Cheilospimra sp.), belonging to the famib 
Aciiariidm .Seurat, 1913. has been reported by Africa and J - ' 

from an ovoidal tumor ni.-iss, sitiiateil on the lower palpebral con] 
about 1 cm. from the e.xtcriial canthus of the right e}c of a . ' ^ j.jj 
farmer, wlio Iiail been suffering from a chronic catarrhal eoiij 
and keratiti.s of the organ. 
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PHASISIID NEMATODE PARASITES OF MAN (Conch ded) 

SlU'ERFUIlLY FlL.U«OmE\ (WeINLVND, 1858) SllLKh, 1907 
(FinuioiD Forms) 

This superfainily compribcs tln>5^ spiruratc iieiiwtoiles. of filiforin outline, 
lia\ing a simplified anterior end, without conspicuous oral luliia The 
buccal \cstibule is lacking or inconspicuous. The esophagus is cj hndrical, 
without a cardiac bulbus, Mith or without differentiation into two parts. 
The mhl-intestiiip is simple and may be atrophied posteriorly. In some 
species the male w orms possess caudal al.e, in others these are lacking. The 
copulatory spicules are commonly imec|ual and dissimilar. Tlie \ iilva of 
the female worms is precquatormi, usually in the esophageal region. Tlic 
species of this group hav e become adaptcil to a habitat in tlic subcutaneous 
and deeper tissues of the vertebrate Ixxly, incliuling the circulatory, 
lymphatic, muscular, and coiinectiic-tissue lasers, or the serous cavities. 

Topically the organism which is depositeil by the female worm is an 
advanced-stage embrjo, the which may ha\e .i ‘Micath” (i. e, 

the old egg shell elongated to accominoilate itself to the uncoiled cmbr.No), 
or It may be ‘‘shcathle.ss” (i e., csca|)ed from the egg shell) This micro- 
filaria comes to circulate in the peripheral blooil (or at times in tlie per- 
ipheral lymphatic ^e^sels). When taken up by an ap))iopriate blood- 
sucking urthropul, it proceeds to transform into a first-stage rhabditoid 
lar\a and then metamorphosc*s gradually into a filiform infect i\ e-stage 
hire a Tlie.^e lame then migrate out of the tissues down the proboscis 
slieath aiui are deposited on or m the skin of the \crtel)rate host when the 
arthroiKxl prepares to take a blood meal. An arthn>pod intermediate host 
is required. 

Filanoid specn-s are d.issified im«ler four families, Filariidae, Claus, 188.), 
Acanthocheilonematids Faust, ID^il.DesmocercidsCram, 1927 am] Stepban- 
ofilarudas \Yebr, V.V.^5. The six-cics parasitic in man all belong to the 

Fiwiil,, ACASTiroCIlFlWXKMArnUC J!i:n 
(Sj mni> ms: /^jn»/i/aria/.rSandgroimd, 1921 ; DiiH-ttihHciiiutulx Wehr, 19.}.")) 

In this fanii|\ the females are not more than three or four times as long 
.us the males. Tlie anal opening is constaiitlx present in botii m.iles aiul 
females The (utieula is usually MniMitli. hut ma> be ili.ir.uterized 1).\ 
transcerso striations, annular thiekeiiiiig., or bossing The mouth is eircul.ir 
or dorso\entndl\ elongated; the erplulu* )MpilIa*{onsi>t of an external ring 
i)f Sand an internal ring, if prese-nt.oiily of intcriiolaterals. The esophagus 
ina\ be ehffeivntiated into two moqihologually distinct portions. The 
taudal ahe in the male are eitlier very iiamiw or are lacking; thee«)pulatory 
'pitules an* t\pii.tll\ tiiiispial ainl dts^iinilar. Tlie feiiude •listh.irges 
sh iider. aspniose', micnililariie (a pn‘-lar\al stage). 

32 
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Subfamily Acanthocheilonematin® Faust, 1939 
(Synonyms: Onchoccrcinx Lcipcr, 1911, pro parte; Loainx Yorke and 
■Muplestone, 92G, pro jnrte; Selariinx Yorke and llaplestone, 1920, pro 
parte; Dipetahnematinx Welir, 1935) 

Members of tliis subfiiuiily either lack caudal alas in the male or have 
extreinely narrow alas. Human representatives: Wuchcreria bancrofti 
(Cobbold, 1877), )V. mahyi (Drug, 1927) Kao and Maplestone, 1940, 
Onchocerca vohulus (lacuckart, 1893), Acanih()chci}one 7 na perslans (Manson, 
1891 ), A. slrcpfoccrca (Muefie uiul Corson, 1922) Peel and Chardome, 1946, 
and Maiiaoiiclln ozzardi (.Maanson, 1897) FaUst, 1929. 

Gknus Wcchekkuia n.vSiiA’A Auaujo, 1877 


(genus named for Dr. 0. Wucherer) 

Wuchereria bancrofti (Cobbold, 1877) Seurat, 1921. (Bancroft's hlaria, 
producing wucliercriasis bancrofti or Bancroft’s filariasis.) 

Synonyms.— Fdorm sanguinis hominia ot Bush, 1872; Fthria sanguinis hominis 
Sffl/ptiflca Sonshvo, 1874-, Fitarta fcancro/tC Cobbold, 1877; Wuchereria filana ik 
Silva Araujo, 1877; Filaria tcuchcreri da Silva Araujo, 1878; Filaria sanguinis v. 
Bcncdcn, 1878, Filaria noclurna Manson, 1891; Filaria philippinensis Ashbuni 
and Craig, 1900. 

Historical Data— The {lathological picture produced by Bancroft's filaria, 
consisting of elephantiasis of the leg and .scrotum and, to a certain e^ent, bmpb 
f«crotum, was undoubtedly observed and described by ancient Hindu savants 
(COO » c.), as well as by Uhaacs, Avicenna and other Persian physicians, altbw&fi 
the disease (elephantiasis arabum) was frcQUcntly confused with leprosy (ekp^M* 
/lasia grxcoTum) as well as with Madura foot. Heinatochyluria was first °®scriD 
by Chapoliu in 1812. Meanwhile many workers in Brazil (1800-1854) had been 
studying the various clinical expressions of the infection. , « ;,i Af 

In 1803 Demarquay m Paris first demonstrated microfilariae in hydrocele 
a patient from Havano, and m 1806 Wucherer made a similar discovery m ® > 
urine of a Brazilian patient (fir^t published in 1^). In 1872 jn 

lished his discovery of the same organism in the peripheral blood of a J _ ‘ . 

1 874 Sonsmo described microfilariae in the blood and urine of a Jew jsh la 
The first adult worms (five in number all femalc^l were rprnvereu oY 


found mctamorpliosisj iho'sec'o'nd (TS'll ^.n^shni- m » * nwnstration of tta , 

turnal tswarming (periodicity) of the 

diurnal concentration in the puhnoiu 

confirmed by Lewis and by da Silva . 

discovery. 
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Anderson (1924) in British Guiana, numerous workers in India, and O’Connor and 
his associates (1929-1938) in Puerto Rico and the Virgin Islands 

During the period 1942-1944 American military forces in considerable numbers 
Mere exposed to Bancroft's hlariasis on sexcra) South Pacific island groups, viz , 
Samoa, Tokelau, Ellice, Tonga and Fiji An epidemic of early-stage manifestations 
of this infection dex eloped in approximately a fourth of these troops. This lead 
to intensive epidemiologic and clinical studies xvhich have added appreciably to a 
knowledge of the sources of exposure, pathogenesis and early symptoms of the 
disease. 

Geographical Distnbution of Bancroft'a Filaria. — In general, it may be stated that, 
n'uckereria 6ancro//i occurs indigenously throughout thexv orld from about 41® north 
to about 28® south latitude in the Eastern Hemisphere and from about 30® north to 
about 30® south latitude in tlie Western Hemisphere. (See map. Fig. 258.) It is 
believed that the infection originated in Southern Asia, from w Inch it spread, on the 
one hand, through Malaya to Micronesia, Melanesia and Australia and through 
India to Soutlicrn and Central China and Jajian; and on the other hand, through 
Africa to the Americas 

In Asia it IS found along tlie whole of the southern coast from Arabia through 
India, Burma, Siam, the ^ialay States, French lndo*China, Southern and Central 
China up to Southern Shantung Province, China, and no the coastal islands of the 
China Sea to Southern Korea and tlie southern lialf of Japan It is found m Sumatra 
and Java, in Borneo, Celebes, Flores, Soemba, Timor and the lcs>cr islands of 
Indonesia, the Philippines, New Guinea and Papua, the Solomon Islands, and from 
Port Darwin in the Northern Territory, Australia, along the coast eastwards and 
{southwards through (Queensland to (he northern |)art of New South Walci. It is 
CNtrcmcIy common in Fiji, Samoa, in the GiUicrt and Ellice Islands and other parts 
of Micronesia, w here tlie non-periodic variety of U' bancrofu is transmitted hy day- 
biting movquitocs 

III Africa it is frequently encountered along the East Ckia&t from Entroa to the 
mouth of the Zambesi and on the neighboring islands of Madagascar, Mauritius and 
Reunion. In North Africa it has a coastal distribution from Lower Egj’jit to 
Morocco. In Central Africa the infection is contiguous with the di-'casc on the East 

thougli 

. . o , - . . wr-JiiRar}-, 

Jugo'laxia, and in Turkey 

In the United States the one prcxioU‘-ly known endenne area, that around 
Charleston, South Carolina, has Ijccomc filaria-frcc. 

It is of common occurence among the ]>co|>les of the Canbtiean, including Cuba, 
Jftin.aica, Puerto llico, Martinique and St. Kitta, It occurs in Panama, Columbia, 
Yciiczueia, the coastal portion of the Guianas (French Guiana, 12 to 18 jicr cent, 
Dutch Guiana or Sunnani, 3 to GO |>cr cent dejiciidmg on the social and economic 
strata), m Bahia, Belem and other areas of nortlicni Brazil. 

Some of the abov o records jxibsibly refer to .IrantAocArf loncina jKrstam, Wuehcrcr- 
ta malat/i, Mamondla oz^rJi, Loa loa or otiicr Jffan« Iiaxing an overlapping 
distribution. 

Stolls’ estimate (1947) of the conibmcd world incidence of M*. bancrofu and U’. 
malayi is 1S9 mdhun.«, of which 9 millions are allocatial to I.atin .tmenra, 22 millions 
to .Mrica, 157 millions to Asia and 1 million to the Pacific islands. 
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Morphology and Life Cycle of the Parasite.— TAe ^Idull U’om.—Thv .nlult 
bpeciineiib of n'^i/cAcrcria hancrvfti are creamy-white, filiform worms, with 
smooth cuticula and a c> lindricul shape; they gradually taper tow ards hotli 
ends, which terminate bluntly. The head (Fig. 2o9 *i) is slightly swollen 
and is provided with two rows of small, sessile papillie The mouth is 
unarmed and there is no buccal \estibulc. The oral ajicrture leads directly 
into a cylindrical esophagus of moderate length, di\ided into an anterior 
muscular part and a posterior glandular portion. Tlie mid-intestine is a 
tube of one-third to one-fifth the diameter of the body of tlie worm. It 
opens into a short rectum in the phanc where the worm begins to narrow 
posteriorly 

The male measures about 40 mm. in length by 0.1 mm. in cross-si’ction. 
The caudal evtremity (Fig. 2j9 Jl) is cnrx'cd .sharply \entrad, at times 
through an angle of ihiO <lcgrees. According to laiiiicr (1912), there arc 
12 jiairs of sessile circumanal papillae, of winch 8 pairs arc jircanal and 4 
immediately postanal in i«)sition. Mapicstonc (1929) states that tiicse 
papillie support very narrow, inconspicuous al.e. Farther caudud there 
are 2 pairs of rather large sessile papilhr. ami at the caudal c.xtrcinity a 
solitary pair of minute size. The present .author h.is confirmed laiijicr's 
description from material secured from Central China. Tiiere are two 
copulatory spicules (Fig. 2.)9 C) of une<iual length (0.2 mtn. and 0.0 mm. 
respectively), the lunger one being cylmdric-al and tapering distally to iv 
long lash with delicate ulie and ending in a s|H)on*like termination, the 
shorter one being trough-shaiied. having a uniform thickness, and being 
pnnidt’d with coarac marUtigs near its «Jistal en<l. 'I'iie giihcrnaculum is 
crescent-shaped. 

The female measures from SO to 100 mm. In length by 0 24 to 0.2 min. 
Ill crobs-seetion. The \ulva (Fig. 259 D) oiwiis about 0.8 to 0.9 mm. 
behind the anterior extremity of the boily. The swollen xagiiu is about 
0.25 mm. long and Ica<ls Into a uterus which shortly diviiles into two 
branches. Tliese tubules, having ,i diameter about three times that of the 

of the body, 
of the caudal 

cri are coiled 
it 28 by 25 p. 

As they become cniwded more anil more towards tlie outer jinrtiun of tlie 
uteri, the incmiiraiies elong.ite to form a “sheath” encasing the inicnv 
filariie but somewhat longer than the ciuloseil ontaiiisins, so an to allow 
room for tiie microfilari.e to slip l>.iek and forth within the ''.sheath.” It is 
in tins form tliat tlio emhrcos onliiiarily eseape fn>tn the pan-nt worms. 
I'sually describcil as > isip.irous, this condition is actu.dly one of o\)parily , 
since the uieinhr.uies surrounding the embryos arc the iiriginal egg capsules 
laid down by tlie parent and not eiiticular siieatlis sei reted by the cinhrxus 
themsehes. 

The .ulult worms Ii\e norm.illj hi the l\iiiph.itie %essi-ls ami the lymph 
glands, tile mitiofilarije, on esc-apiiig from the gnivid females, m.iy either 
remain in tlie lymph or mignitc into the IiIoinI strtain. In c.isc female 
worms are injurcsi. t)iocml>ry(Miii.iy |K>s.sibly’iM.'disch.irgisl in the immature 
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ovoJda] condition, under which circuiiuttances tliey arc too hroad to pass 
the lymph cajulluries. Mnnbon attached eoiibulerahle importance to this 
phenomenon jis an explanation for the obstruction of the lymphatics 
frequently Jissociated with the infection, hut more recent investijjators offer 
a (li/Terent explanation. {Vitlc infra, pp. 50.)-5(K>.) 

The imcrofilnrix, i. <?., the enibrj'os of IVuchcrcria Oancrofii (Fig. 200), 
which are recovered from tlie periphenil blood or the lymph current, or are 
discharged in chylous urine, are iiiintite .serpentine organisms, measuring 
127 to 320 fj hi length by 7.5 to 10 fi m Ohnneter. Thix>c in the hmph 
vessels are u.sually fonsidembly .shorter and .sligjjtly thicker than the ones 
tliat liuve esea))e«l into tin* circulating blood or urinary tract. They are 
bluntly rounded at tlie .'Ulterior end and attennate posteriorly. Abe (1935) 



Fia. 250 . — Wucherena bancrofh. A, ante 
papilte, X 400: B, posterior end of male. wi»b 
worm: D, ontenor end of /emalo, lateral view, ■ 

X 90. (A. D, E, after York© and Maplestone, > — 
Leiper, Trans Iloyal Soc. of Med. and Hyg) 
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has described four small, equidistant papillae on the cephalic end of the 
'• ""'•'■'’••lo Jo as havintrdelicate transverse 

striat 

depoL 

IF. bancrofti and other common blood and tissue hlanre ’ possess annuiar 
transverse cuticular striations that completely cover the embryos from 
tip to tip.” The worms’ move about graceful]}’ in a blood-film, pushing 
the blood corpuscles to one side. In living embrjos the oral end is being 
constantly covered and uncovered by a prepuce; ft is also described as 
being provided with a delicate stylet which may be introverted or everted 
as occasion requires. 



>'ia 2 G 0 — LnahcaUird luicrofilans of H’ banm/ti. Hith oral »t>let nr, nenc ring, tp, 
excretory pore, ec, excretory cell, 1, 2, 3. 4. pc, tK»-c«l(ed "genital cells”: op, anal pore. X COO. 
(Original ) 

Tlie inner structure of the microfilaria cannot be clearly seen without the 
aid of staining. (For methods of staining sceChupter XXXIII, pp. 575-o78.) 
l^'itli either vital tl}es or perijjanent stains the centnd axis of tlie micro 
filaria will be found to be coiniKKcd of a column of deeply-staining nuclei 
hut certain landmarks can he found. These consist of the nerve ring (nr) 
in the anterior portion of llie worm, an excretory pore (cp) and an adjacent 
excretory cell {ec) a short distance behind the nerve ring, so-callcd "genital 
cells” or G-c-ells (l-^c, lH-jfc) in the {>usterior part of the organbin, the 
latter three cells being sitmitcd close together in front of the anal pore {ap). 
'I'ln* relative disl.nitvs of these landmarks from one another along the 
: ’ ' relation of length to breadth, 

‘ • :jo, since they arc constant in 

iiic ’ rihitivc jK-rcentage distance of 
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tk-sc loeiitiuns from X\w anterior extremity, according to Kulleborn and 
Kodenwaldt, is: nerve ring, 20; excretory pore, 29.6; excretory cell, 30 G* 
(r-ce 1. 70.(5: anal pore, 82.4; with G-c-ells 2, 3 and 4 situated far behind 
(i-cell 1 ami immediately in front of the anal pore. Likewise the terminal 
5 per cent of the microfilaria of Jf*. hancrojti is free of nuclei. This latter 
important cliaracter makes it easy to distinguish it from the similar stage of 
If', malayi and /,oa ha, in which the nuclei extend to the caudal extremity. 
{Vide Table d.) 

Micrnfilarial PerindicHi/.~ln 1877 ^lanson first found in his China cases 
showing microfilaria; that the maximum concentration of these embryos m 
the periplieral blood occurred at iiiglit. Tin's observation of the nocturnal 
periodicity of microfilaria; of this species lias been reported consistently 
since that time in autochthonous infections in China, India, the islands of 
the Soutinvest Pacific, Austnilia and the West Indies. The maximum 
concentration in the perii>heral circulation is normally bet\\een 10 p.m. 
and 2 while in the daytime Manson found the embryos concentrated 
in the pulmonary vessels, the capillaries of the heart muscles and the 
Malpighian tufts of the kidneys. On the other hand, autochthonous cases 
in the Philippines, and more particularly in Piji, Samoa, Tokelau, Wallis, 
and Ellice Islands and Tahiti, wliich have an infection consisting of adults 
and microfilaria? morphologically indistinguisliable from the Asiatic, 
Australian and West Indies strains and nhicii are considered to be the 
same species, lack specific periodicity (i. c., are non-periodic). 

In a stiuly of the periodicity of inicrofilarhe of IP. hancrojli from patients 
who contracted tlie infection in the Pacific area, Kyles, Hunter and o a/rf” 
(1047) state that (1) west of I40®K. longitude only nocturnal periodicity 
occurs; (2) between 14()®K. and 18(PK. Longitude botli periodic and non- 


1 

2 

3 
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Table 3 — Diffekexces Detween MicnoFiLARU Bancroft!, Mr. MAUiiimd 
Mr. Loa (Adaited From Feno, J933) 


MJ bancrqfU 
Periodicity usually noc- 
iumai 

Length" 244 to 296^^ 
(thick hlct^) 

Excretory cell small 
(30 75%), near excre- 
tory pore (28 95%) 
G*cclls. small, similar 
size; Gj-G< for liehind 
G.; Gi, 70 14% 

Ana) pme- 82 48% 

Tail: tapering to delicate 
point; no terminal nu- 
clei 


M/ tnalayi 
Periodicity nocturnal 

Length. 177 to 230/i 
(thick films) 

Excreloiy cell: laigc 
(3707%), far behind 
excretory pore (30.9%) 
G-cclIs: larger; G, rela- 
tively near and larger 
(lianG,-G.;G„ 68.33% 
Anal pore 82 28% 

Tail: swolkn at Ici'ch of 
2 terminal nuclei 


Appearance" graceful, 
bii coping curves 
Pathology: elephantia-is 
of lymphatics of scro- 
tum as w cU as extrem- 
ities 

Intermediate hosts" op- 
timum, Ciilex quxnque- 
faicujius, Aedes tpp , 
Anopheles spp. 


ipcarancc" stiff, inth 
nccondary kmk’ 
ithology: confined 
mostly to lymphatics 

uf UDOcr cxtreinitics 


Intermediate hosts" 
Mansonta spp , 
Anophdea spP 


MfJoa 

lodicity iiiiu'iL’'f 

igth- 250 to 300,1 
thick filrais) , 
TCtOO’ PO'^* 

36 6%)^ -V/ rrialaiP 

fils, similar to -W 
lalayi, Gi, 68 6% 

J pore. 81 9% . 

[. tapciing RraJuaUj. 
,udal nuclei contim 
118 with O' 

'f.vtalayi , 


Infcrmcdi.ale h«'‘-'^' 
Chnjsopi spp 
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periodic varieties are present, and (3) east of 18P°K. Longitude only tlie 
non-periodic tjpe is found. It is suggested by these workers that “non- 
periodic” is an inappropriate term, since there are actually a relati\ e “low” 
and a relative “lu’gh” in the number of inicrofilarhe during any twenty- 
four-hour period. Similarly, it may be pointed out that “periodic” is a 
relative term, since a few inicrofilanje can usually be found in cutaneous 
hlooil vessels during the day-time hours of patients infected with the 
“periodic tjpe ” 

The theories that have been advanted tocxplain periodicity are primarily 
based on mechanical, chemical or biological proc’esse.s. It was first sup- 
])Osed that the period of sleep and the relaxation of the c.ipillanes at night 
or contraction during the davtime were responsible for the condition, but 
this theor.v fails to explain non-perio<licity. The dilatation of Ivinphatic 
capillaries at night, carr^ ing the embryos into the blood stream, is subject 
to the same criticism, rhcmotafticrcsfmnses tooxypen and carbon dioxide 
gases hav e also been advanted as an explanation without any tonsitlerahle 
valid evidence. Harley (1932) stressed the cbemotactic response of the 
embryos to the salivary secretion of the insect intermediate host, introduced 

’ view w as 

. . -periodic 

' m to the 

■* believed 

to have met vvitl 
h'lji, who coneliM 
as, for example, > ... 

a nocturnal periodicity, w liereas iion-jicriodieity occurs where a day-feeding 
mosciuito, sucli as a species of Aules, is utilized. It is argued, Iiowever, 
tliat these observations are entirely t<M) isolatcxl and without confirmation 
m other endemic areas to explain satisfactorily the intermediate host- 
parasite relationship of this species on the basis of ad.ipt.ation alone. lame 
(1929, 1933) believed that the siiiiultaiicoiis dcvvlopinent of tiie einhr.vos 
and mid-<Ia;t parturition of the mother worms, us demonstrated by 
0'(’oniior (1931), provides new micnifilurial pnigcny which require approxi- 
mate!} twelve liours to reaelj tJie periplier.d cireuJation l/.uje's correJ;itcd 
liypothesis, that the microfilaria* survive onlv twoiitj-four hours, lias lieeii 
conclusively disproved by Hao (I1K13) in nlro and by Knott (193.>) in 
uninfecteil human volunteers, in whom the mknililari.esurv iveil for at least 
two weeks after intx illation. 

Khalil (1939) lias callixl attention to the iHisitive tliiTmi>tni])ism of both 
the adult worms anti the microfikirijc of this siK'cic's. Furthermore, the 
.ulult 11'. haiirrofli are Usually IiKatixl in the lower vxtn-iiiitieH and genital 
organs and tlieir nilerofikirae have a iiiucli longer jocirtiey to tiie IdtKjd 
stri-am tiian have the Mf. mulaifi, which more fnxiuenll.v originate in the 
iipjKT extremities. Slncea in.ixiiiiuin How of thvle iKxiirs ahout miilnight, 
it follows that the maximum surge »»f Mf. bnnrnifii into circulating IjIimkI 
slioiilii take pl.ice at this tinie. 

The following t>hservations li.i\e a lK*ariiig on one or nnotlnr ttf the 
thiH)rii-s pn)|x)'vsl. In jKT'tuis deeping diiniig tliiMlav time the micmfilarhe 
h.ive .1 diurnal ]>criiMiu-ity, although Yorkeaiiil HlavkliKk (1917) found th.tt 



nnunfcMi,,); ...^lurnal IKTi'xIic'iinl Zw. , Z'"». 'nrb„ri„s a stain 
"licrc (inly ti,(. iinn-jinfiiKijj, stri'in in r,„l „ ■ ‘ ’^“alcnce to ,i country 
tioii Ilf tile periodicitv. In AiMrilii viril'!!^ "'‘I'nut cauhinj; a modifica- 
■lunii); tlie winter innntlis wlieiiS^ 'arioii.yil, servers iuve found that 
not (inly a marked decrease in tim 
l)l<i«l the nnerofilariie (m-nr Init *'r • ^ ‘'e“ 

■nnnber of niiernfilarhe Mnmi i„ .?Snd iri'Sp,: 'tt:::::! 



riQ. 12G1.— SauMKC-oliaj^tj lana of bancro/U fn>m thoracic muvdcs of Culcx pipum. 
at, antorior CnoiiIi.-ikus, nr, iieno mix, c, excretory lilatlJer, pt, j>ostcnorc»oph3(tua,pc.6««*** 
pnmorUtuin. i. niid-inu-atmc. r, rectum; o. amw. X 300 (OriKinal) 

I'lG .()_ — al, I’hotomieroKraph of hausaxe-sliapcd larva of M'. bancrofu in Culex yiyif'W/ 
a, pJiofomicroxraph of mnturo larva >» Culcx #w/«cm* (I'hotographs by Dr. C.V.lec) 


Altogftlier the evidence for one or the other of thcbC theories is still unsatJ^s* 
factory and unconvincing, and further intensive investigations on both the 
periodic and non«periodic stniins of the oi^nisni are needed in order to 
throw liglit upon tJiis perplexing question. , 

The MosQiiilo Intermediaic Host.— In 1878 ifanson demonstrated that 
that Culcx "fatigans" sert ed as a “nurse” for the microfilaria? of the 
strain of , 

filariai pas ■ , 

“exsheatln 

feces, but ■ ■ . ■ 
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hours, migrate into the thoracic muscles, where their movement becomes 
greatly reduced. In the nc.xt two days the organism becomes rapidly 
modified into a sausage-shaped lan’a, measuring 150 m in length by 10 a in 
diameter. I\Iultiplication of the nuclei of the intestinal tract proceeds 
rapidly and the tail is reduced to a stump. Between the third and the 
seventh daj s the internal organization becomes more definite (Figs. 261 and 
2G2 A), so that an esophagus consisting of an anterior muscular portion 
(oe) and a posterior glandular part (pe) become differentiated; intestine (i), 



Fio 203 — Diasrani ot a Icni&Io inus<iuit4> dksriuirKiuic mature Glaria lar\a wLile 
' ' Ti-i tti Jet <in\iitrnUia, coniiiUntcol labnfn-<pti'\arvnz, /tirpo[AaiTfnx, 


nound (Oneinal ) 

rectum (r) and anal opening (a) arc distinct; and the dlgcati\e tract as n 
whole becomes separatetJ fruin tlicsoniatic Jajxri by an intcnciiing body 
ca\ity. The genital priinonlium is still uiide%clo|)cd. The larva now 
measures 225 to 3(X) n in length by 15 to 30 a in cross-section Three sub- 
terminal caudal papilla; now appear. 

During the lieginning of the second week the second moult (i. e., llic 
moult of tlie first true sheath) takes platxs The worm now rapidly elongates 
until it readies a lengtii of 1.1 to Idlinm. Acti\cmu\cmcnt isresutncxlund 
the j).ir.i.site mignitcs from the thoracic muscles into the bead, where it lies 
c-oilwl up (Fig. 262 Jl), re.uly to enter the pnibosc-is sheath (e. g., the 
laliiuiii). The eoni])lete jicriod of de\cIopmcnt in the mosfjuito \aries 
from ten da% s tosix wivks or more, dc|x‘nding primarily on the temi>crature 


oOS 1‘IIASMID NEMATODE VARAHITES OF MAN 

atul moisture, but albo, perhaps, on the species of moMpiito. When the 
infected mosquito prepares to take a bloo<J meal from the next individual, 
following tile maturity of the larva;, they migrate down through the hemo- 
cele within the labium, and emerge through the tip of the terminal portion 
(the^ labella), near the site of the proboscis puncture (Kig. 263). According 
to Fulleborn (1907), who studied the subsequent behavior of the micro- 
filaria; of Dirofilaria imtniiis, the larvie do not enter the puncture wound 
but invade the superficial layers of the skin on their own belialf, a portion 
of the larva; successfully penetniting tlirough to the peripheral blood 
capillaries. On the other hand, Yokogawa (1938, 1939) states that actual 
transmission cannot occur except where there is lymph exudate from the 
puncture wound, to induce a lyinphotactic reaction on the part of the 
iarvjc; that mature larva* of this sjx'cies fail to penetrate unbroken skin of 
man or laboratory animals, and that only a limited number of those invad- 
ing the puncture wound reach the subcutaneous tissues and Ijmph spaces. 

The studies of O'Connor and Ileatty (193S) indicate that some of the 
mature larva; may migrate from the thoracic muscles to the mosquitos 
abdomen, where they are apparently locked in, unless they later return 
to the thorax or escape tlmnigh the ruptured integument in case the 
mosquito is crushed wliilc taking a blood meal from a human subject. 

IIu (1935) found viable infective-stage larvje of IF. baitcrofii in Culcx 
pipiens %'ar. ixtllcna as long as seventy-nine days after exposure. Moreo^ er, 
he has proven that repeated infections of the .same mosquito may occur. 

Mosquitoes in wliich complete development of U’jichereria bancrojh nni 
been demonstrated to occur, from the microfilaria to the mfectn e-s age 
larva in the proboscis of tlie mosquito, arc listed iu the accompanying 
table (Table 4). 

Table 4. — DEMONsmcTED Mosquito Hosts of JrHcAfrmo Banerqfti, with full 
Development to Infective-Stacb Ucrv.e. 

Note. (1) An asterisk {*) preceding a species name imiicates particular!) impo 
hosU m _ ,t .. ertirely W' •';* 


•Cul^ 


«*. China, Formosa, Philippines, 

,a. India, Egypt, f Sid 

Guiana, Bnti.-h Guiana. Urazu, iw 


C. cUi$. Indonesia. 

C. annulirosins Indonesia 
C. bitxniorhynchus. Indonesia. 

C enalicus. United States (experimental onivj 
C. erylhrothorax. United States (experimental only; 


Japan, Caiio (Egj'pt). 


United States 


C. stnensis. Japan. 

C. sjtiens. Indonesia. * , i 

C (arsalta. United States (exprimcntal oiUy)- 
C. triseriatus. Umted States (expcnmcntal only; 
C. tntxnioThyty:hita subsp. Indonesia. 



FILARIOW FORMS 


5U9 


Table 4 — Demonstrated Musquito Hosts of B’ucAfrerui fioncra/fi, -wiTii full 
DevELOPEMENT TO lNF£Cn>S^TAGE LaBV^<C0NCLLDED). 

Note (1) An astensk (•) preceding a species name indicates particularly important 
host in Nature. 

(2) Where W hanero/li and TT n%tdayt are coextensive, it is entirely possible that 
in the incrimination of certain species of Anophdet and Maiuonut as mosquito hosts, the 
tMo Species of filiari* may ha%e been confused, t e, W Ituicrofh may ha»e been desig- 
nated Mhen TF malayi is the filaria present in the mosquito, 

C ashnm. India 


lies, St Croix (W. Indies), 


Hegomyta seuleUaris auct ) 


A tseniorhyTichiis St Croix (W Indies) 

A. imeriatua United States (experimental only) 
A togot Japan 

A ngilax Indonesia and Australia 
Afansonio annulafo Indonesia 


V I I 

•* • I ' 

• . I . ■ . s • 

I : i 

* t ' ‘ ' 

■ ■ 


laya, Indonesia 
Knmeulal odI> ) 


A omtcifntf X Queensland (expcn/nenlal only) 

A aquaaalts Brazil 

A anmlana (syn A /ulieirwaus) In<lin 
A bancro/tt Indonesia, CcUbes 
A ’ ’ 

‘A 

A 

•A 

A „„ 

A hyreanua var nnensts Shanghai, Japan 
A koliensta S Pacific islands 

A Ifucosphyrua \aT kacken KnlKrn.'i Isl.iiids (Iiiduiiasia} 

A viaculatus Ccletx's 

•1 oswaldox Brazil (experimental only) 

.t palhdus India. 


A 

A 

•A 


>iigo, Zanzibar 


•.1 putufui^ua puneiiiliUu* S. New (jiuneo, Cclrhes. 

.1 rhodfsirtuu Sierra Ix^inc (c\|k nmrnta] only) 

.1 ro»« Inilu 

.t «^iiamo«ii# *7uai/i/xiur Sii rr.i Ia-oik*. 

.1 slfphatai Mitisp India 

.1. auopidua aubptcUia (fre.sh- and hrorktsh-waUr India 

.4. siira/atcus India. 

.1 Inannulnliii Brazil (ex|M nni< only). 

.1 itiyus ingus Indonesia 
,i eanina India 

.t. uoUm I'niUsI States (ex]* ntin*nfai only J 

1‘toropham ennfinnta Puerto lliisp ninl I'lutiil Static ((XtM.nincntaI only) 
/’ dltcolor. I'niUsl SUIes (i xim niii« tiU) only) 
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lu many other cuHcine and anophcline mosquitoes development is 
aborted or incomplete. Hu (19.35) found that the immature larvai of W. 
oancrojh m Aedes albopidus and Armigeres obturbans may penetrate into 
tlie thoracic cavity, where they die without completing their development. 
Edwards states that the almost universal association of Aides xgypti with 
Cnlex “fiiiigans", together with the diurnal feeding habits of the former 
species, would render \t less UivWe to infection and less able to develop a 
fi.xed relationsliip with the worms than the latter species in case the Iar\{e 
Jiave a definite nocturnal periodicity. 

In addition to mosquito hosts, Kaynal (1937) states that Yao, IVu and ' 
Sun obtained complete development of bancrofti in seventeen out of 
fifty-nine specimens of Phlcbotoymia sergenti var. mongolensis, fed on the 
blood of an infected patient. 

Manson-Balir found tliat wjien fewer than one microfilaria were present 
in 2 c.inm. of tlie patient’s blood, the appropriate mosquito frequently 
failed to acquire an infection; that when there were ten or more embryos 
per c.mm. the infection tended to kill the mosquito, and that when fed on 
blood containing about three embryos per c.mm. the optimum development 
took place in Acdcs “variegatua’*. 

Development in the Human Host.— From the time the infective-stage 
larvffi of IF. bancrofti escape from the proboscis sheath of an infected 
mosquito onto the skin near the site of the puncture wound until adult 
worms are known to be present in lymphatic vessels or Ijinphoid tissues, 
approximately one year or more is required. However, the actual route of 
migration of the larvae to the foci where the adults are lodged and their 
development during this incubation pericnl are as yet relatively unknown. 
However, the large number of patients among American troops who 
became infected in the South Pacific during 1942-1944 has provided wn* 
siderable information of the activities of the filarise during the bioiogica 
incubation period. The filariform iar\'aj actively enter the skm an 
probably on reaching the deeper cutaneous and subcutaneous lymphatics 
continue to 

slowly and ..." 

nodesinvai . ' ' \ " , -■■ ■ ^;„„hr]v' 

in the groin glands and in the glandular tissues of the scrotum, pa 
around the epididymis. In these locations they reach rnatumj , m 
the female worms begin parturition. The male and female wor 


between the glands, in tlie glands tliemselv^, or even in 

Epidemiology. -I\Iaii is the only known or by 

but many species of mosquitoes have been proven, either y „jtoes 

experimental infection, to be suitable intermOTiate los s. 
obtain the microfilariie from the peripheral blood of man. the 

inent to the infective-stage in the i, the heinocele of 

larva; migrate down the proboscis slieath (t. e . thmufe victims 

the labium) and are discharged near the puncture wom^ .^ 
skin Yokegawa (1939) has found the infcction-wte of m q 
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qiilnquefaiciatus) extremely low in population groups of Isliigaki Island, 
near Formosa, ^vhere Bancroft’s filaiiasis was fairly prevalent. He belie\ es 
that the infection has difficulty in spreading because of the low parasite 
index in the mosquito coupled with the sinafi chance the farvee have of 
reaching the subcutaneous tissues of man and of establishing themselves in 
lymphatic \ essels or tissues. 

In liighly endemic areas exposure begins early and continues throughout 
I" '' • I* tiui/lc iin with each decade, although it 


area, so that reexposurc does not take place, tne sympumis .tie mvtiv lu 
subside and the chronic sequela; may not develop. 

Pathogenesis, Pathology and Symptomatology.— The disease in native 
populations produced by U'uchcrerta bancrofii is divided into four more or 
less distinct stages or periods, namely (I) Me biological incubation period, 
(2) the si/mptomkss patent period, (3) thcacutesiage, and (4) the chronic slope. 

The effects of Wuchereria lancrofti on a particular human being are 
f-ietors including the tolerance of the individual to 


m the body where immature or mature tiian« oecomc ieniporuru> ur 
perai.inently lodge<], and the possibility of supervening infection with 
streptococci, staphylococci or p.itliogcnic fungi. In intolerant iiulividuals 
t(ie metabolites of the inoculated larva; tend to provoke Incrc.ismg allergic 
manifestations .w tlie young fiJarue circulate llirougJi tlie lymphatic 
vessels. This is at first ev idcnced by urtic.aria and “fugitiv e swellings,” v\ ith 
edema, vascular engorgement and iierivascubr infiltnition with numerous 
eosinophils. 

When living immature or ;Mlult filaria; bctonic lodged in the .sinuller 
Ijmphatic vessels, including the alferent lymplnitics le.uling into lymph 
nodes, the “p.ir.»sites cn\itc .. 
to destroy, engulf .ind .disorl 
lining of the vessel becomes 
Tipic.dly fibrin is depositiu a— . 

of the vessel bicoines etleiiwtoiis, and if the rt'action is severe there is a 
Iie.vvy infiltration of cosmopliik. faxiso aggregale.s of hrstux-.vle.s, epi- 
thelioid tells. I.wnphoevtes and frequently foreign-l>odygw«t tells apjxar 
.ind multiply bj iiiipisis within the lumen tif the vessel, then bectnne .is.so- 
eiatetl by sm.dl fibriiniUs threatls amf tentl to prcnlutc enclolynipliatic 
obliteration Me.mwJjjJe perjlyinpbsitic ehanges of .i simil,ir t.vjw eoiistrict 
the w.nll of the vessel and ni.»y strangulate the worm unless it is .dde ti» 
migrate into und.iinagetf /vmpfi (fiantiels. (ivee lYg. 

When living worms betome liKlgetl in l.vinph tiiHles, the .liferent lym- 
pluitu- vev-eU iHtsiiiu* h\ j>ertn>phie, with variecs extending into the tlee|HT 
portions of the nixies ’I'lie worms an* rapiilly surroiindisl by iii.ivh's of 
eosinophils, tsleiii.itoiis l.v mjdi follitles wild iiit.ut trnters of nij)i«llv iliv idiiig 
(x-lls 'riie amount of endothelial hjjHTpUsia, initiatts! by retieulo- 
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oniiotlK'liiil iicfivity, um iTiis tile prugress ef the lesion from that of cellular 
graiiiiliitioii to one of proliferative gramilation and repair, and thus ikter- 
mines t le , egrae of deiteneratioii of the filariie caught in a lymph node. 
Michael (Ul l) .state.s that the iilariai granulation tissue . . . is almost 
pithogilonioiiie of tins disease," u-liile Ilartz ( 19 «) regards it as character- 
J'jtic but not puthuj^DONKHiie. 

Tills furly chiinictiTijjtic Ie:,ii>n is tniiisfor/nwl into one- iwviiJg a central 
fort* of nwrotic tiasuc* surrounded by a r.vduvtmg zone i>f proliferating 
cjKlotlielial cells, opithelioiil cells, fiircigu-bwjy Riant cells and fibroblasts, 
and a dense perijdieral infiltrate of cosmopbifs. U’iiet/ier die tissue reaction 
is in a l.Mnpliatie vessel or within a lymph node in which the filan> are 
trapped, the final result is essentially the same, namely the death and 
absorjition (or ealeilieation) of the panisite, fibrous tissue replacement of tlie 
earlier cellular infiltr.ite and the disap;)c.minee of the diagnostic criteria. 

Xt tuues, iu IurUI^ veaeling patients, immature filati® escape from 
blot'ked eliannels witliont ap{Mrent injury, only to provoke sfmi/nr tissue 
reat'tious at otlier siti^s of {(xlRinent. Jn mildly reacting or non-reacting 
inilivuluals the growing norms nngnite rather freely through /iimphatic 
eliannels. until they become mature. Afathig then occurs and the fertilized 
feniale.s iliseharge niierolilaria* into mphatie eliannels. P.irtur;tion .ihnost 
invariablv provokes moderate to .vncR' local tissue reaction, even in 
toler.uit host.s, witli resultant suhaewte to acute manifestations of filanal 
lyinpliangitis and/or l.v mph.uleiiitis. Jnereasing evidence supports the 
eonelusioM that these initial tivsue res{)on.sc*s are stimulated by the filana? 
and their metaholie products and <lo imt result from sujierv cning infections 
with /Sdiemol.v tie streptocom, staphyloeoeei or pathogenic fungi- 
in the elironic stage, after lihMds has devcIojK’d. there is abundant oppor- 
tunity for seeoiidar.v invaders l<» proiluce a neutrophilic inflaiinnator) 
re.vetion • 

Tlie increasing ohh'ter.ifio/i of Iv mphatie vessels ami bloc-Lige ^ 
flow result ill an uisulioiis retrogravlc c\tonsioa of the lesiun mid 
tissue rejjair. 'I’his is responsible for the development of the c n>iu 
sequela*, .sucii as Ivmpli \arlx. varicose groin glind stud c}ephantiai>is- 

The Incubation /Vrmd.-Tlvis covers live time from cxposurtN wj 
tlie infective, third».st.igc larva* escape onto the skm from _ 

of the mosquito, until microfilaria* an* first discharged ^ 

worms and apjH-jir in the eirculaling hlvKHl. About out* veans q 
the larva* to migrate to the l.vmphatic tracts or ' ^f cv 

mature. Ksseiitially nothing is known muvrnmg the s q - . changes 

or the morphological changes that t^ur i« the w may 

in the patient’s body may Ik* inconsiderable. On ‘ |jcc«ine teffl' 

he acute infiamm.itory reaction wherever 

porari/y or permanently lodgeti in lymph nodes, vv it tin's 

retrograde to, the site of obstruction. In the South ianhc 


discharged daily b;y the mother wonns (a^rdnig t\pe of die 

hv* the evidence of O’Connor, about midday i v 
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organism). In so far as is known there k no essential tissue reaction or 
cellular infiltration in the vicinity of the living parent worms or their 
progeny. Even the death of the microfilarite produces no marked local or 
systemic pathology, and there is tjpicallj’ no significant eosinophilia. 
However, it is probable that some local tissue 4i!terations do occur around 
the adult worms after <a period of time 

The Acute Stage.— In many p.Uients who harbor Wvchercrici haucrofti, 
possibly the majority, O'Connor (1932) has found tliat the living adult 
worms residing in compact tissues pro<luce dilatation of the lymphatic 
Vessels, and those in Ijmph channels in connectt\e tissue at times cause a 
marked hypertrophy of the surrounding tissues (Fig 2(55). Some lymph 



tioubyDr r W’ O'Connor, cvurU~y ol oniiea .'.— s...... , 

ltd .ICa— Stction tlirouKli a Ijnjpl* «'*h KraMd of ICucArrma (xiucru/lt 

encapsulated u IKiiXct of fibro-iwu.Mlnc tissue X W) (OriEinol photoniirroRrapl. fnmi a 
preparation by ^^r Conrad Bauer I 

l„. nrv'isioncil but Without iiifhuumatory rc.ictioii Little In 


giant <vlK. ttisinojihiN. large inouoiiuiJcJrs anti liiiall,\ lihnibkists, 
an cm .iDsul.itioii of the tlcad or dsiiig worni'.. As thc wtirms umlirgo 
. . : ' ' ' 'll arc helicNctl 

. ■ • • ■ , .xs w cH .is for 

,..r ....s.,. * ‘ H.io, 

Not tini-oiniiionl\ this {K-ri««! is Ushrrvtl in h\ proilriiiiial fi/znjiluiiis of 
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toxic malaise, mental deprpsion, and by frontal headache, or by urticarial 
S, ^nere^ usually follows an acute lymphangitis, accompanied by 
Jiiarial fever. Ihe lesion, which is usually on the lower extremity, is 
linear, elevated, hyperemic and excruciatingly painful to the touch. In a 
few days these manifestations subside, but tend to recur periodically, in 
women at times with the menses, in men usually less frequently. Gradually 
these attacks become less severe and the involved Innph channels less 
painful at the time of the attack. 

2 he Chronic Stage. — This develops gradually and is accompanied by 
lymphocele and lymphtarix, frequently with rupture, in the less fibrosed 
variety, or by enlargement of the involved member or organ {elephanioid 
type). 



Kig. 2GG —Section of an encapsulated calcified female 
graph from a preparation by Dr F W- O’Connor, courtesy of l/ni c 
Museum ) 


d'holooirre- 

Aroiy 


Clinical filariabis bailcrofti among American troops in 
with especially heavy first exposure in a relatively to 

susceptible young adult males, lias t o^fthe fimte 

Study the early manifestations of the disease.^ In nis I 1 :^,* 
in 268 cases, King (1944) found that the period ; months; 

and the development of symptoms ^^^^.^inpcgofthenmi, 

that the onset was accompanied by pain and swelling (about 

leg or scrotal area, but that hcachache and fe%cr clur.itin'Ol 

20 per cent of cases had fever of a mild type an associnti’’^ 

the cardinal manifestations w'ere l^TOpbangitis, usu / of the 

lymphadenitis, frequently or eventually an ac ..cute s' 
scrotum and its contents, and that relapses 0 ^ j„ ypper 

frequent. The lymphangitis in 51 per cent ^ ^ and orerba'5 


extremity, with red streaks, patches, orsuheutantons 
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rednebs. The lymphadenitis was most commonly epitrochicar. The 
genital involvement consisted for the most part (71 .6 per cent) of inflamma- 
tion of the spermatic cord, ephiidymis, testis or entire scrotum, at times 
accompanied by exquisite pain. In a study of white immigrants in Samoa, 
who had been less heavily exposed than the American troops but repeatedly 
over a period of many years, Webster (1940) found that 50 per cent of the 
males and 40 per cent of the females hail symptoms of filariasis. Many 
of these had yearly bouts of lymphangitis and fever. Elephantiasis, slight 
to severe, was not present before the forty -first year and incrc.ised in 
severity with age. In a surxey of 5000 natives in the Belem endemic are.i 
of Brazil, Causey, Deane, da Costa and Deane (1945) found inicrofilariie 
only in 555, elephantiasis only in 58, Imth types of esidence in 0, with a 
total of one or the other, or Imth in 509, or 12 per cent. 



> Ki 1107. — i.lriiliinli k-iM of tlic hritttuni in Iktiirtodi, >n a hulgcrt (rruiii 

‘ Mixlirins Uildjnt 1 olvcrkta, ' kaj I iloruzo ) 


I’nibably the tummoiu'.'it effwt »»f n’l/rArrcrifi biiitcrofii in the lyiniili.itk-s 
is im-cli.inic.ll olistruction of lymph How. gning ri^e to \.iri\ lymphaticus. 
Ill c-i'e c)f blockage of the thoneie duct, the lymphatics of the alKloinen, 
jx-lvis, groin or scrotum in.iy be eiionuoudy iH'.tendctI by chyle, forceil to 
find c-olLiteral tnict-s in onler to enter the general circ-uKilion. If the integu- 
ment of the scnitum is iiuohitl, ’iyiiipli scrotuiir’ re.MiIts; if the gniiii is 
iiicuhcHl, "varicoNC gniiii-gl.md-**' de\eIop, if the ly mpluitics of the bl.'idilcr 
or kidneys are aiTi-ctinl ami the leiiMoii iH-eoinv-N loo gre.it, rupture of tlie 
\ca.->e!s results in chyluri.a. Smiihir dMention and rupture iu the tunic.a 
vaginalis may give rise to "{hylocclc.” and of the jx-ritoiicuiii, to chylous 
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zzi^z rn'sa v:s!S 

,' ■ ■ ■ , fi, '"'■■'Wments, niosf/y mill 

•md kni'c IS iifri'cto,! ; it first in-inif.- i. * c tctTCen the anile 

Imnlnesa, witi, ,.r„st,,, warta, lM, L rtf "'“ “ 
f tile iiuniy lavfT it lw.-> .' ‘ 1” ’ttfitroper drsniMmatinii 

Iwrii iimtrix of rZmZnZmiKZlZ'lY^ *■' “-’f 1 “'“^ '" “ 

J’kJii. alinoMt coinplotoh- (lonri'vwl ’’'i**! stretched, thickened 

'1 Pon-pittpiK wiema is demonstrated " "'" *’‘'““'®'"'‘^ On pressure 

ratlier unique ftitf "uVwIt'noTli* ' j", J"'™ Itcu'i recovered from 
iidult fllarin, heiieved to fie Il'f ‘‘"n *'5"“'”?" renio\ed an 

eye of a Hindu student sii/r . •' f™'>>,lite anterior chamber of tie 

fihinte in lii> drciiJ-itinfr fw T*"f « transjont iritis and having la/cro- 
woniij, iiia\ be Ihr fif . ' f'o'vevcr, that these immature 
'"‘Y /^‘’^•^filartaconnnictirx. (Videmfra) 

tisIue^MlVien*? 1'"^ "'""1/"'’ 

111 *. pro\oke sviiiot<iii)s, it is conceivable that they maj. 

iom; of the brain, and cause acute 
iVpon and iVJadko (19:?6) demon- 
'. . al encapsulation followingmtroduc- 

, • • *■ wted right hemiplegia ill a p.aticnt 

- Produced by Secondary Invaders.- 

«tvninfiM„ . * f ^ ^imiiber of cases of J^nipii varix and elepJi.iiitiasis manifest 
T^iV ore of the \mrious parts of the lymphatics. (See 

• ” ”^11 . localized or iiiav become generalized. It 

IS usuaiJy attended with “eieiiJiantoid fever.” a p.\re.via of recurrent Ope. 

\\i 1 rigor and^ terminal diaphoresis, commonly confused with malarial 
e\ er.^ ermatitis and cellulitis may develop, particularly in the elephaii- 
toid tissues. U orkers in British Guiana lia\e demonstrated the presence 
of staphylococci or streptococci in cases with inflammatory complications 
ot the JympJiatics. Anderson (1924) l)cJie\ed that tlie damage prcdiittd 
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by the fil.iria worms in the intiina of the vesseU prejwres the w.vy for 
invasion of the bacteria, which may ha\e been responsible for tlie clianges 
produced long after the adult worms lia\c di«l and the inicrofilarije ha\ c 
disappeared from the circulation, while Grace ami Gnice (1951) strongly 
support the view that L'niphangitis in filaria*infcctcd jicrsons invariably 
results from lijpcrsensiti\ity to c'ertain strains of henioI\tic streptococci. 
Drinker (1950) has demonstrated that the loss of normal hmphatic 
circulation predisposes to streptococci infection, with manifestations of 
se\ere chill and high fc%er. However, McKinley (1931), Michael (1944) 
and Ilartz (1944) ha\e found no evidence of bacteria in the actual focal 
centers of the inflammutorj reactions around iintnature or mature filarke. 
Furthermore. Ijetigar (1939) has found from his extensive ephleiniological 
studies in Iiulia that there is a significant correlation between the parasite 
rate (t. c., percentage of patients with mierofilaria; in their circulating blood 
at night) and filarial dise,ise (for 21(> localities r<= 4* 0.7944). More 
recent bacteriological and clinical studies in Puerto Uico and el&ew here ha\ e 
indicated that tlie bcta-heniol\tie StreptociKcus is frequently present in 
chronic infections witli H’. bdncnijti ami that the activity of tills organism 
is correlatcnl with recurrent lymphangitis In many instances where 
culture technics have been negative specific* .serological methods have 
demunstrated the presence of the bacterium. Thus, it would appear that 
in many instances previousl.v <lcnic«l the bcta'heinolvtic Streptococcus 
may pla.v some part in the development of the chronic filarial Icsloji anil 
])articuUrly in the reactivation of the inflammatory jirocess around the 
parent worms. Yet, as Coggeshall ( 1948 ) has imintetl out. tliel.v mphangitls 
in Ihincroft’s filariasis is not identical with that observisl in streptococcus 
infections not complicating filari.tsis and f.iiis to respond to chemothor- 
apeutics or antibiotics wfiieli spcc'ificallv effect streptococcus. 

Lymph I'nriJ and Klephantiasia of Son-fihrial ()r/pi«. —Tliese discasinl 
conditions, without inflammatory cnmplimtiuns, occur in certain areas 
where IVuchcrcna bnncrofli is not known to iKcur. and under such circum- 
staixes must be attributed to a lymph sfasi-, produmi by an unknensn 
cause. Where mphangitis is an acconipaniinent, it is jiroliahly of second- 
ary septic origin. Kveii in endemic fmi of Ihmeroft's filari.i aiioiit a per 
cent of tropical elcpliantiasis is estimated to be of iineumplicntcd b.icterial 
origin (Snares, 19.13). 

Diagnosis. — A history of one or more episoifcs of lyinpliangitis, lymph- 
adenitis. or acute iufiaminatiou of the scTotum .uid its contents (especially 
the epulidy mitis), the v ulva.Mirmaiinn,irygIatids, together with residence in 
an cinlemic area, suggests the possibility of Uancroft's filarnusis, but many 
other causes must be riilisl out, iticludiiig other tyjies of filari.i.sis. sueh as 
infection with Wucherena maUiyi, loa.Onrhttcrrni Pihuliis, Aainthi^ 
ckriliiiiemti xlrejilorcrco, etc. {Viilr wfni.) 

Infc'Ctiuii with IVuchrrcriii Ixincrojti can be deniorstratcd in a projHirtion 
of iiifc-ctcsl imiiv iiluals by the reemcry of the munifilarue of this organism 
from bfooii films or fnun cliyl 
IKMtentage of jMisltive findings 
case's tli.in in late ca.ses. <lue to 

charges] into the < irculation after the lymph flow beetuiH s obstna ti<l or the 
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inotlKT worinb hccojne murilmmJ. In Munc i)atients, howmp, 
imront worjnb, in foci sis yvt nnalteml ■ . , 

inicrofilnriie. It imist be mwmWml, 

be found diiriiiK the biolo/jicn) inwbatwfi [>crjoff and that they may not 
reach the circulating' blood, even tbow^fh the fcinale worms mature and 
become parturient. 

In regions wJiere tJie oi^tanism man/fests nocturnal periodicity, blood for 
exaniinatiou sliouhl he obtained between 10 r.\i. anti 2 a.m. For the non- 
jHTiodic type of tlie South ishwidjj the in/crt>fi/an’a; are present in 

periplicral blood both diurnaJJy and nocttirnalfy. For routine examination, 
tliiek blood-filins are pre/em'd. About 10 cnini. of b/ood arc placed on an 
absolutely clean .slide, covering an area about 1.5 cm. in diameter. The 
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i-niy films of the affected part may demonstrate multiple, pinpoint sites of 
calcificution in the centers of fibrosed tissue. This picture is patliognoinonic 
of the disease in its chronic stage (O’Connor, Golden and Auchincloss, 
lOdO). 

The microfilarisB of H’. bancrofli must he distinguished from those of 
other filaria worms of man, particularly 11'. malayi, ^\hich also is found 
in patients with elephantiasis. 

The Use of 0.025 to 0.25 cc. of a 0.1 per cent sterile solution of pul\ eri/ed 
antigen, introduced intradermally pitxluces an immediate positi\e skin 
reaction in about 90 per cent of 11' hancrojti patients (Taliaferro and 
Hoffman, lO^lO; Fairley, 1931). More recently Bo/icevich and Hotter 
(1044), as well as other workers, ba\ e demonstrated that antigen, prepared 
from adult DiTofilarla mvntis by physiological saline extraction, in a 
l:b000 dilution, pro^ide3 90 to 100 percent positise intradermal reactions 
in early cases of M’uchcrcria 6oHcrt»//i (i. <*., during the biological incubation 
period) and gives no false i)ositi\cs in tins dilution. Franks and Stoll 
(1945) and Warren, Warren and Hunter (1946) have isolated the micro* 
filariosof D ihuhi/w from dog’s blood for preparation of antigen. It must 
be borne in mind, how e\ cr, tliat this filaria*group reaction does not cluni* 
natc the possibility of infection with some other filuna worm in areas, us in 
Africa, where two or more t.v|)c*s of Iminan filariasis arc coc.\tensi\e. More- 
over, Augustine and I’llerisson (1940) ha\e suggesleil, on the basis of 
comparative studies of antigen prepartil from D. viimiiis, Sciarui ciitiina 
from the horse, Litomosoidcs airinu from the cotton rat anil Vaijri/ihria 
iolumbigaUmac from the ground do\e, that imsitue skin reactions in man 
may possibly result from sensitization following introduction and destruc*- 
tlon of microfilariie otlier than those of IF. luncrofli, as in “Iiites” of 
infected insects. (For technic of prepanitlon of the antigens, ttdr pp. 
601-609.) 

Therapeusis.— (1) Spcci/ic Chanolherapi/.—hi recent years several groups 
of investigators hiue exjiloml the filaricidal pro|)erties of many «frugs, 
utilizing dogs infected witli Dintfilaria cotton rats para.siti/.ed 

with LUomosoides carinii and clinical in.itcTial. Scwer.il tri\alent aial 
pentaxaleiit antimoiiLils anti nrsenicals, phenyl arseiio.xides (Otto and 
Maren, 1917), cyanine dyes (Welch el of, 1947) anil Hetraran (Islietliyl 
carbainy l-l-methy 1 piiierazine IICl) have been gi\eii particularly critical 
trial. K\en thougli a tlriig may be highly elHcacioiis in tle^tniying filari.e 
III laboratory animals, it is not i/wo/«c/o s.itisfactory in Iminan fllanasis. 
('nlliertson. Hose, lleriiaiidc/ Monih's. ()li>cr Gonzalez and I’ratt (1916) 
have coneluihsl tb.it of the well lolcratctl drugs neiistihosan gi\es the 
most satisfacttiry rc'siiUs. This iKuitavaleiit antimonial is pnpansi freshly 
as a 5 i>cr c-ent solution and is adininistensl daily hy \em in 2..'> to ID cc. 
amounts until 5 to 6 (>m. ha>e licfii eiiiployesl for a Jktsoii weighing 5D to 
60 Kg. Although the ewamne et>iniM)Uiids arc sjiecifie against J.itoiunsoidrs 
cartnii, siiml.ir filaritklal action has not lici'u denmiwtr.itcsl in llancnift’s 
filaria-sis. Hctnizan (Saiitiag»HSlc\cnsoii, Olicer (M)nz.'dcz and Ikwitt, 
1917) ap]>ears to act r.ipitlly on inhihiting iiiicn>illari.d prtHhutioii .ind 
ile-ath of tlie jiarvnt worms, but sudden death of the worms cs)iKxi\.ibIy 
prtMhictsl hy|HTsensiti\ily to their iintaholitc*. with se\en.* allergic 
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I,K, climral Mmlj- „f 2;W of iioocroft’s fil.ria.« i„ 
Uritisli Gu,a. u (llf, :isy.n,,t<.miitic w.th microfilariae in tlicir circulating 
lilojid, and JI .-.ymiitomatic ami all but 17 with microfilariad Kmni 
and Hewitt (1019) sulmnnstered " ■ 
of 0/2 to 2X) ingni. eacii per ki)o \ ' . . . • ‘ 

witll only inild reactions, appareiilly ill due t« filitiai sensitbation irai 
not t() tlie (Irut;. In <los,es of (1^ to 2.0 nigm. per kiio three times daily 
the nuerofiiapae nsuall.v disappeared within one week and the blood films 
usually remained negative. In the svintoiiiatic Ci'ises. even fnefitflinfr tim. n 


«7i tm- iji.triae. inese workers eoiieiutle that asymptomatic as well as 
syiuptomatie ca^es shoidtl be gix'eii tlic henefit of Ih'traznn therapy, since 
cumulative evidence imlicate-s that it kills adult worms as well as micro- 
filariae. lU'cause of the ease of administration of Iletrazan and the relatively 
mild reactions experienced, this drug ap|K*ars to he the first really satis- 
factory clieinotiierapciitie for treatment of infections with U’uchercna 
hanrro/li. 

(2) iS«r( 7 rr.y,— Variou.s ojicrativc proc*cdures have been ad\oc.ited. In 
some eases olistruetion of lymph flow may be removed and elepbsntoid 
tissue wliolly or jmrtiaiiy exeiswl, as, for e-xainplc, by' a modified KondoJcaii 
operation (.\ueliinelois. HHD). In other instances deep lymph draimige 
lias been practiced. 

Knott (11)38) has had e.xccdlent results wjtli pressure handaging of 
elepliantoid legs. He wrajw the member tightly with si.x*inch strips of 
batli ton oiling, wliioli ho fastens with de.xtrin syrup, and coders this witii 
cotton elastic crepe bandage and an outer muslin bandage to keep out flirt- 
Walking is required to pre\cnt cyanosis of the leg and to 
lympliedema. .As the skin shrinks, Jiew, smaller bandages are 
Wlien tile member is .sufficiently' rcduc'ed, an ekistic stocking may be use • 
In early or mild cases complete return to normal size has been c ec et, 
normal skin te.xture has been obtained ami the febrile attacks ho^e eon 
eliminated. In advanced stages the lympliedema and hyperkeratosis^e 
reduccil but tlie underlying fibrosis is not appreciably d^rease • , 

bandage serves to increase the fluid pressure in the leg, so ^ 
does not stagnate but is carried up to normal channels. The baiiaag 
removed for any lengtli of time e.xccpt when infective inflarama lo 

skin develops. , . mrticu- 

Golden and O'Connor (193d) found that x-ray therapy is not 
hrly llelpfui. Jade (10-15) slate that frradiabon js of 

helpful in induciicini; the frequency aiiJ severity ot , -niargal 

lymphangitis and lympliadenitis, or the size or tenderoe 

^ "in septic complications sulfonamides, pcmciiiin or streptoraj cin t 

may be indic.ited. relief in Bancroft's 

Lane (1978) sums up his vien-s regarding 

filariasisas follows; (l)CIiemotherapy by vein, even maq. ^ ,j^„cctl 

tion, "has little prospect of success,” (3) cheinotherapeutics 
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into selected locations in tlie Ij-mph stream seem more promising-, (:?) 
j-rays have sterilized and killed worms in selected sites, but their applica- 
tion must be less damaging than the infection itself; (4) “there is little 
hope of complete un-worming by surgical excisions,'’ because of the multi- 
plicity of foci where the worms become trappcil, \et “surgery will right 
inconvenience, or will remo\e a focal spot." 

Prognosis. — In subclinical or “symptomless” cases the outlook is fair, 
although reexposure to filarial or pjogenic infection, or the gradual de\ eloj>- 
inent of the lesions to a clinical grade may be anticipated. In clinical cases, 
even with surgical intervention, the prognosis for reco\ cry is poor, although 
the patients may live for many years. With Ilcrtrazan therapy deatli of 
the parent worms as well as the mk-rofilariao .ippears tobedcmonstr.itiHl. 
Clinical improvement following nertra 2 .iii treatment, even in iuUanccd 
cases, appreciably improves the prognosis. 

Control.— Until the development of the newer insecticides no satisfactory 
method had been devised for the re<luction or eradication of Bancroft’s 
filariasis from a heavil> endemic art-a Iloweier, measures directeil 
against malaria mosquitoes m the Southeastern United States and .ncIIow- 
fever mosquitoes in Bahia State, Brazil apparently reduced contact of house 
mosquitoes w ith U’ bancro/ti cases in the former Charleston, Soutli Carolina 
area of filarial ondemicity below- the thR*shold of transmission and greatly 
rcduee<l the transmission in Bahia State. 

With the introduction of DD’l' prophylaxis m malari.i control, the spray- 
ing of homos to kill adult mo-ajuitocs and of the breiHling places to kill the 
lar\i« has become pnictical These tec-lmics are particularly apiilicable to 
the destruction of all mosquitoes which traiisinit H’. buiicrofU w-ith the possi- 
ble exception of species of ^{un^ollla. In any control program directwl 
against Bancroft’s filari.isis, it is first luxi-ssary to iletermine the mosquitoes 
responsilile for transmission and then learn wliere they breed, iisuaily 
nearbj human habilatiom l)I)T should be employ in spraying the 
homes and as a farMci'de 

There IS some twidence that tlicr.ipeutic pniphylaxis is of practical value. 

"Wuchereria malayi (Brug. l‘J27) Hao and ^laplestone, 1040. n'hc 
Malayan filana, pnKiueing M.tkiyan lil.wiasis ) 

Synonyms —FilaTia tiKilayi Bnig. 1027; .1/»crf»/f/rtr»i tiiiilayi (Brug, 1927). 

Historical and Geographical Data.— This luierofilaria was fiiNt ubtainul 
by Liihtenstem from iiatixes of (VlelR-s. ami w.is stiidksl by Brug (1927), 
%\bo found It to differ from (lu* coininon inieitifilnria (.V/. bdiirrufli) and 
designatisl it Filarui innhiyi. The dintovery and deseniitioii of the adult 
worms by Uao and Mapk-stone (1940) in Indu eunfirmisl Bnig’s study of 
the inienifilaria in <!istingui.ditiig it as a se|Mnite siHs-ies, but generle.illy 
n-I.itisl to B' bdnrriifli. In m> f,ir as Ii.ls iH-en tleteruiiiu'd. man is the only 
defimtUe lui'.t of this parasite. 

ir»r/irrrr»i nmkiyi h.is a ratlicr extendxe distribution in Indonesi.; 
(Brug and DeHook, 19.1:0. Borneo. Celebes, (\ram. New (Juinea, (’eylini, 
Tra%amorv. Oriwi St.ite and ('eiitni 
Clim.i. and in the ngmii of Ilutliow. 

Ikjiikow. China It lias also Ineii foum „ 
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residing in the New Hebrides (Perry, 1944), and in Koreans on Oahu 
Hawaii (Nelson, Webb, Bayliss and Starkey (1948). In some of these areas 
It IS the only human fiiaria; in others it is co-extensive with IV. iaacro/ti. 
in Sumatra 18 per cent of an estate population tt’ere found infected and 
80 per cent of these had elephantiasis. 

Morphology, Biology and Life Cycle. — In general, the adult W. mahyi 
bears considerable resemblance to iV. bancrofti. {Vide svpra.) The norms 
studied by Rao and Maplestone (1940), obtained from a patient from 
North Travancore, India, consisted of both males and females, as were 
those obtained by Bonne, Lie Kiai» Joe, Molenkainp and Myeren (1941) 
from Indonesia. They are delicate, thread-like, whitisJi nematodes, which 
liv’e coiled up in pairs (male and female) in dilated lymphatic vessels. The 
tapering anterior end is free of labia but is pro\-ided with two encircling 
rows of minute papillm. The males measure 22 to 23 mm. in length bj* 
88 microns in greatest diameter. The caudal extremity has about three 
complete revolutions and the cloacal opening lies about 0.1 to 0.14 mm. 



Fig. 269 —Caudal end of male Wucherena ntolaift, sliowmg n^t^cloacol papdls*'- 

cur\ ed eubcrnaculura, cloacal opening and the Uo im» of Parldoloey ) 

(Adapted from Bao and Maplestone. m Craig and Fausts CImica 

from the caudal tip. One pair of long papilte j! are [iToFi^ 

one pair immediately behind the cloaca (tig- ‘ i aj, and nior- 

of smaller papiH®. The copubtory spicules differ ^ 

phology. The longer me.-isare5 0.34 to “!“ ■ ‘ || „„v;culatc Si't"' 

mm. Guarding the opening of the sex canal is a yjaptet""''' 

naculum. The single complete female stndicil b.\ Kao 




iiiC iiiiv-iwiilainaj M ‘ft' — ' , 

by 5 to 0 /X in greatest diameter. TJiey are m' e 
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is very much longei ' -uia is very 

delicately striated. . and bears a 

double stylet process _,12tol6/i. 

The excretory pore is 30.09 per cent distant from the anterior extremity, 
the large excretory cell, 37.07 per cent, the Gi>cell, 69.33 per cent, and the 
anal pore, 82.28 per cent. From the region of the anal pore the body 
decreases to an acuminate caudal extremity. The extreme caudal termina- 
tion is swollen to accommodate an elongate nucleus, while about 10 p in 
front of this nucleus there is an oval nucleus, the two being much more 
darkly stained than the other nuclei of the microfilaria. The living micro- 
filaria is stiff, with secondary kinks, thus resembling Mf. loa, rather than 
Mf. bancrnjii, in its movements. (See Table 3, p. 504, for comparison of 
these three species of microfilarise.) Mf malayi exhibits a partial nocturnal 



Flo 270 — Microfilaria of Wueherfrxa For oxplaoalton sc« Fig 2C0 x 006. (Original 

from a blood'fitm from C«l»bo$. obtained by Brug } 

periodicity: Yen and Chang (1935) found the embryos in peripheral blood 
of patients between 4 P.M and 2 r.il. the next day, with a maximum surge 
at 4 A.M. 

In the mosquito host the microfilaria migrates from the stomach to the 
thoracic muscles, where Feng (1936) has found that it deAelops through 
three true lar\al stages, with two cedyses, before it becomes mature and 
migrates down through the hcmocclc in the labium, to be deposited on the 
victim’s skin at the site where the inos<{uito takes its blood meal. Feng 
(/ c ) has also demonstrated that the cephalic spate of the microfilaria 
forms the buccal cavity of the mature Ian a, that the anterior nuclei form 
the esophagus, the inuhlle nuclei the mid-gut, and that the “G-ccIls” of 
tlie embryo are not gcnitiil primonlia but are the (.xdls from which tiie 
rectum and anus of the lar\.i arc forine<l. 

Epidemiology. — Infection is transmitted to man by eertain siK-cies of 
mosijuitoes which dciwait infeetKe-stage lanie on the skin when preparing 
to take A iilood meal. Man is the only known definitiw host of tlie 
infection. 

Tlie inos(}ultocs which ha\e been demonstrated to be natural intcr- 
iluHliate hosts of Mf. malayi include: Mansonia artnulafa, M. anntillffra. 
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PH ASM ID NEMATODB PAB.ISITES OP .ia,V 
M. imliand, M. umfwmis, il. lumjiimlfis, M. imlim 

hnrn>rn<‘tt-’n . I * ’ 

■ . • 942) 

ater 

, . ■ . ' . 

1 i\e leuotts produced by the parrat worms and the tissue 
cJiaiiges developing around^ them have not btJcn care/uj/y studied. The 
infection^ is frequently associated with elephantiasis, primarily of tlie upper 
extremities, for which blockage of lymjjh vessels in the immediate vicinity' 
of the adult worms is probably mponsible. In North Ceram Brug (1933) 
found a positive correlation of (1.74 =fc 0.08 between this inMioii and 
elephantiasis. la one Central . da) Ilao 

((945) found U'. viahyi infectioi .. There 

were SO cases of elephantiasis, all involving liaads or legs and none the 
genitalia or groin There has been no s|>eci/ic therapeutic study of this 
infection. 

Control.— Sweet and Piilai (1937), working in Travancore, India, v-kre 
Mansonin amvlifcra is the cJiief vector of this filaria, very greatly reduced 
exposure to infection (as tested in children up to two years of age) by 
removing the water plant Pistia siraiioidcs, with wliich the larval stages 
of this mosquito are associated. The breeding places of the mosquitoes as 
well as human habitations in endemic foci should he treated with HOT to 
kill the transmitters and tlms break the cycle. 


GkNL’« O.NTlIOCEftCl PlES/.VC, 1841 

(genus from oyKos, hook, and xipxos, tail) 

Onchocerca volvtilus (Leuckart, JS9.3) liailhet and llJld (The 

convoluted filaria, producing onchocercosis, onchocerciasis or coaatal 
erj’bipclas.”) 

Synonyms . — Fxlaria vohwlus Lcuckart, 1893, Mkrofilana nuda Ro(lcfl«aldt 
1914; Onchocerca cascuiiens Brumpt, 1919 . , , 

Historical and Geographical DaU.-This worm was first described by Lcucu" 
(1893) from sjiccimens obtained from a native of the Gold C^st, Ucs 
On the Pacific slope of Guatemala Robles (1915) found an Oncnoccrco, \> 
Brumpt bel ’ ■ ’ 
graphical ai 
(1923) repo 
fctudj’ most 

to the same , •; Themfec- 

,S»ntdiMjn damnosum, was the intermediate host of this ni Afiica !rom 

tion has been found to bo rolaUvely comwoa along the \Vost 

Sierra Leone to the Congo basin. The incidence w particuiariy ng other ii»* 
Congo, wliere 68 per cent of the natii’es in some areas are .■ Eniiatiiriai 

portant endemic foci in Africa are the Gold Goa*t, Liberia, ^ 

Africa, the French Congo, the French Sudan, western Ang j o/ i7f,3 

(Balir-el-Ohazal Prov.nco; K.rk, 19 «), [Kr 

hospital oulpatjcnts mMp,! arroMinr ,o nahifl.il/cr aad 
Senegal, Nigeria, Ugand . • ' • 

it is confined to certain « 
of the Continental Du’id 

southern states of Afcvic.. v- 1 .-., ' -- 
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the development of information coiicemmg the problem of onchocercosis m Mcmco 
the reader is referred to "Datos Histoncos de la Onchocercosis en Mexico a Traves 
de la LiteraturaRespectiva” by Benitea Soto, published in Rev Mex Cir , Gin. y 
Cdncer /4(6), 171-192, 1940. There is no extant cxidcnce that the Guatemalan 
and M^ican disease w as brought to the Amencas by infected Negro slax es The 
infected areas are primarily inhabited by Amerinds xv ho haxc xvitlim recent decades 
had little, if any, contact xxith Africans Nex-erthelcss, it is belicxed that in the 
early colonial days, xxhen Negroes xxere employed for heax-y labor throughout 
Mexico and Central America, the infection became established in suitable localities 
and xxas perpetuated m the native i»pulation Stoll’s (1947) estimate of the u or d 
incidence of onchocercoMs is 19 8 millions, of xxhich 19 millions arc a«ocat^ o 
Africa and 800,000 to Guatemala and Mexico This latter figure is undoubtcdlj 
much higher than fairly accurate surveys can justify 

Stnicnire and Life Cycle ol the Wono.-Tlic ailult ttorms live ttpicvllj in 
tumors in tlm sulicutniu-ous or connettne li^uns. Mhen nine, tin-y nro 
»lntc, opnlnscent, fairlt transparent iu-mato.les r..th consl.icuous trans- 
V erst- annular thickeniniis of the euticle. The lnKl> ts hl.form and narrnu ed 
at both extremities, tthieh are bluntly rounded At the anterior extR-m,t> 
there are 8 small, submedian, sessde iwpillie, arntiige. ni two circlets, and it 
pail of large, oval, lateral papillie (1-ig 271 .1) '1 hey are usually mti- 
matelj coiled and to isted throughout the inner subsunfe of the eneapsul,it- 
ine host’s tissues At lc,ist one male and one female reside m each niMlule. 
¥he tumor range in size superfie.all, from a filbert to a sm,.ll or,.nge, but 
the actual capsuk is considerably smaller They may appear on any part of 
the body . bu? are most common at the junetmn of the ong boms. (African 
Miricty/ and in the temporal or ooeipit.il regions ol the stalp (Aimrican 


xariet.x) 


The males attain a length of 19 to 42 inm and have a diameter of m to 
2HI u. The caudal extremity is curved tentnid about i-O degrees, lliire 
are no caudal alie. Thm' are '«'* ■’ ” p.^pilla 

Sd rmnlut.i;e\mm^ and the 

ISuHlmion fre:,uently 


, ■ 1 *f. rsM !, ,.nd 17-’ u R-speeti.ch) and dilferent in structure 

uneqna m ; 'i’ '.iTcJment of '« 5 to all cm., and a Iran,- 

Ihe feinides ' r •' ‘‘!;b The tuba lies m the plane slightly 

s erse dauneter e J, „ „.pl,.die end nf the worm) 

SwS™ "d S d h.!^i.r.ls The .Item, ,s typically bicaimnate 

llmirAiSlrn mSehnni. they 

hut lilaeUiak (l'J21.) m.ikes In. inentml. Tj " ? “ 

still coded in the egg ineinbrane measim- ->1.1 t.. a I . m j e- Ihe 

• n . ..sini' fniiii the iiieiiihraiUMonM'>t Ol ixxo txiKs, a large 

niKroril.iri!e. o -1 ^ I, t„l) ^sind a Miiall form measuring l.iO to 

Ills missible that tliesi* aa* a-sp«ti\ily female ami 
• • .S...I I„ 


form iiuM.suriiig 28.) to 
2S7 M by ,") to 7 fi. It 


m V llnth nm-s FiT’-i-l <'') luxe a clear, iim lei-fnv. anterior en.l. In 
“blition the Weldon vx.nlory bUIiler may he .en as a mulcfr.. 

urea about one-fifth tl.e Indy length fmiii the anterior en.l. 
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The studies of Blacklock (1926) in Sierra Leone have shown that the 
buffalo gnat, Simulium damnoaimy is the intermediate host. In the thoracic 
muscles, and possibly also the Malpighian tubules, of this gnat the micro- 
filaria undergoes a metamorphc^is, with three larval stages and two ecd rses, 
after which the mature, filiform larva migrates into the head and emerges 
through the mouth parts from the region of the labella, thus enabling it to 
infect another human being when the fly secures the next blood meal. 



Sandgroond, in 


Strong. 1934; C, ongioal. Ubcilm* » 
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This work has been confirmed in Africa (Liberia) by Bequaert (1928), in 
Guatemala by Strong (1931, 1934) and in Mexico by Hoffmann (1930) and 
other investigators. Since the microfilarias are present in the patient’s 
tissues but ha\e never been found in i>eriphcral blood, it seems likely that 
the gnat must not only suck blood but tissue fluids as well The time for 
metamorphosis within the fij’ requires six days or more. In addition to 
Simulixivi damnosiim, S nearei, a frequent human biter in Uganda, Kenya 
Colony, the Belgian Congo ami Nyasaland, is apparently a transmitter. In 
Guatemala and Southern Mexico S. melalliciun (sj-n., S. atuhim), S. 
caUiihim (syn., S mooscri) and S. oehraccmn are likely transmitters. 
Although other blood-sucking flies ha\e thus far proven resistant to 
experimental infection with 0. rofr«/iw, in the Federated Malay States 
Buckley (1938) has apparently found four sixx:ies of Cvlicoides to be suit- 
able intermediate hosts for the cattle Onchocerca, 0. gibsonu Several 
closely related hut different s|x;cies of Onchocerca w hich parasitize ilomestie 
and wild mammals hu\ c been reported from the endemic areas of human 
onchocercosis in Africa and America (Caballero, 1945). 

The incubation period in the liuinan host is one } car or less. Xodules on 
the skin have occasionally appeared wUInu four months after exposure to 
infection. Man is apparently the only definitive liost of this filaria. 

EpuienuoVogy.—AUhouplv there arc many unexplained factors in the 
epidemiology of human onchocerciasis, it Is now clear that infection is 
acquired only in certain areas where the Iminnn population is exposed to 
iimumerahlc bites of suitable species of Shnulitm, and that these blood- 
sucking gnats have previously bccoinc infecU'il after removing the micro- 
filariie of 0. tolciilus from the skin of infcctcil human beings. In all known 
endemic ureas Siviidium hrcc*ls in fast-flowing water at several hundred 
meters altitude above sea-level. The I.arvaj and pupiu of this fly arc found 
under stones washed by the stream, thus providing a consitlemblc amount 

■ ■ , . (ItM.*)) and Wanson, Ilenrartl and 

iiid that the transmitting agent in 
4.> miles distant from the breeding 
sites, bvit that the fisher hdk ne.ir the btwvUug grounds are practically 
100 per cent par-isitized, while 5 miles away the incidence is 65 jier cent. 

.Mthough more prevalent in adult mules than in females tif the suiie age 
group, tlie lesions are relatively cniimiun in chiklrvii. \Miites are much less 
frequcntl.v infected tlian natives. This is probably explaiiiisl by the prefer- 
eiur of the gn.its to take bhMxl meals in bright sunlight, so that native 
lalioix-rs are more eominnidy vsih>hsI tv> infection than are white overseers. 

Patbojenesis, Pathology and Symptomatology. — In evrtain mfectisi areas a 
l.irge proiHjrtioii of tlie hum.ii» |x>|mlatum luarhors Onchocerca filtu!n». 
There m.iy be oiilv .i single notiulc or sevenil dozen ina.v be l)rc.seiit, eitlicr 
ill the same st.ige of ilcv elojHiicnt or comprising old aiul new sites of m.iture 
and maturing worms. In .'vpimixiin.ittly tKi jkt irnt «>f infcttisl individuals 
tlie preseiuv of the a<Iu]t or iiuturing worms in the skin provokes a fibrou.s, 
niHlul.ir enc.ip'ulation around them. In Africa, acconling to Stnaig 
{193}). 95 per vvnt of the tumors .it\* loeattsl tbi-wliere than on the lie.ul, 
.vs on the vhesi, lower trunk or in reUtion to joints, even when many 
ntMluli-s li.ive ilevtlojHsI on the s.ime iMtient. ’I'liex* nodules vary from 
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buft, biirdy paipuble, to im-gularly indurated inub^es, and are found ino,t 
conbpicuoubly developed in association uith the Joints, particularlv tho>,e 
of tile elbows 2i‘2) and kijccs. They may shnuJate ju.xta-articular 
nodules. 1 heir rclationsiiip to “craw-craw" and liehenification of the skin 
has not Iieen definitely establislied. On the otlier iiand, in Guatemala and 
tnajority of the tumors nre on the scalp 
(rig. 27.i). 1 he reasons for this diirercucc in topographic distribution are 
not appiiauit, piirticulariy since Strong (1938) was “unable to find any 
convincing evidence tliat the p«)int at which the fly liites has any relation 
to tlie location of the tumor.’’ 


I'lo 372 - Onehoecroi toftuiua iwilulw in l'io> 273 OneAocerM 

region uf ti-orhaiitcr ami at elbow (Aflcr on bC^P of • Onclioccreiasis, 

Ulacklork, .\mMl8 of Tropical Mcdic.no (After It. V. 

and Var^itvlcgy.) Um.crs.y 

1*1 css.) 

Kirk (1947), hi n study of i 
found that over 70 per cent of ... 

in tuo anatomical sites, (1) the sides of the chest over ^ Vareas, 
the region of the iliac crest and great trochanters. I uig • •„ 

Mazzotti. Gne^ara Kojas and Noble (1948). ^ for 

southern .Mexieo, cite Huh Keyes’ data <- -rrentnge Iccatious , 
1917 nodules, as follows: head, 37.6 (divi< 

30 9, temporal, lO.O, retroauricufar, 11.6 ai 

eoital, 12.35 ; Micrococcj-x, 11 .0; tnKanter. available 

2.45 and lumbar region, 1.86. Of "odufca or ^ Jbcut.aneous, 10 per 
from tlie American endemic zones, 73 a per ecn^ ' subaponeuroUe, 

cent cutaneous, 9.2 per cent intramuscular, 1.- 1 
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one \vas submucosal and none were intracraneal or visceral. Kirk (/. c.) 
states that the nodules are often not visible on inspection hut are disco\ ercd 
only on palpation. 

7’he Onchocerca lesion is tj'pieally a uoii-abscessing, fibrous tumor, which 
de\ clops as an insulation around the worms, e\eii before they ha\ e become 
sexually mature, and is usually fully foniied in less than one \ ear’s time 
after inoculation, ll.irely, as si result of bacterial imsision, suppuration 
of tile nodule occurs. The tumois measure I to 25 mm. or more in diameter, 
and when excised from beneath the skin look like white, usually smoothly 
rounded, o\ ordsil or sit times irregularly contoured pebbles. TJiey are hard 
on palpation but are softer, ca\emous and frequently jellowish internally, 
and Usually haie at Ie<ist one iiairof worms ine.vtncahli entangled in the 
fibrous matrix. The free fluid has a puree consistency and contains many 
microfilarias (Fig 27ir). 

The nodules arc clinically henigu, although thej maj be \ery painful, 
In Africa tlierc is characteristically ,an associattd keloid formation. Al- 
though Onchocerca roleiilus tumors have neicr been found in the ileeper 
layers of the body, there is a suspicion that they may be .ittacJicd to the 
inner aspect of the ribs or vertebne in those patients in wliom there arc no 
sisible or jialpable nodules but In whose skin the microfilarii'c in\v Le 
demonstrated. 

Cidmifoi/j Although the skin in onchocercosis ma.N he 

dry, roughened, shiny and thickened. Goldman and Ortiz (1040) list the 
following sarieties of dermatitis due to this cause: (1) Liclicnifortn, with 
thickened, li)perpigmentcd skin and an associated intense pruritus; (2) 
piguientadon usually smooth, bluish-rcil or purplish, at times 

with local edema, fre(|uently pruritic, and (^J) cczcniotoid, with papulo- 
scsiciilar, excoriated le.sions, at times iinpetigmis, or papillomatous, 
serrucous .uid iisperkeratotic. To tins classification should he added a 
fourth, namely </<'rHj<i/o()r«//AiV. Moreover, liodhum (1942) has called 
attention to the ixcurremc of adcnolv mplioctlc and scnital elephantiasis 
wliuh iiiav result from Oiirln>crrcti infi'ction. 

(}ri(}(ir ManifetUiiwns.—ihxildr lesions and complkations of the face, 
scalp and car-lohes hav c been know n to result from Oiichocrrat iiifcetion in 
Guatemala since the originaJ observations of Hohlcs (19J5), ('aldcron 
(1917) and lama (1918). More mx-ntly pathology of the e.ve has been 
found to be fairlv loininnn in Mexican }iatient.s (J^arumbe. 1928; Silva, 
1912). .\t least 5 ik.t cent of the infecUd uultv idiiaU in Guatemala ainl 
Southern Mexico exhibit either diminished vision or hliininess in one or 
both eve.s In .\friea the ax^KdaUil cvedefexts were at first believiil to I e 
rare, hut lli'ette (19H, 19.12. 19.18) and Appleinans (19^1-)) h.ive foiiiiii 
these ( oniplic.itioiis to be both common ami serious. 

i*atliot()g\ of till* eve in tnichcHtnosU is more frciinent in males th.in in 
females, Imt there is no Mgiiificamo with n’-lKx t to the age of the patient, 
the length of iiifixtioii or the .iiutomkal site of the nodules; however, it Is 
etirn l.itcsl with (he nnnil.tr <if tio(}uli*s pfvsent (r r., it is sigfiificaiidy ,% 
mon' coiimioii .ussiKi.ition whin 5 nr more m-dules exist (I’liig Solams 
IJri.x) 

.\<ntr iMiiI.ir sv mptonis. wliidi are avstxutul with .tn crvsijKl.itoId 
3( 
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condition of the ears, nose, etc., include particularly intense photophobia, 
blepharospasm and lacryraation, ali resulting from vascular injection 
caused by the discharge of the parasite’s toxins. More ad\'anced changes 
include vascular congestion and pigmentation of the conjunctiva, punctate 
keratitis of the cornea, iritis, chorioretinitis, retrobulbar neuritis and optic 
nerve atrophy (Scott, 1945). 

The niicrofilariiE, which migrate out through the fibrous capsule of the 
nodules, especially those on or near the temples or scalp, travel through the 
surrounding tissues, probabij’ most frequently through Ijmphatic vessels 
and rarely, if ever, tlirough the blood vessels to \’arious organs and tissues 
of the body, including the eye. They have been observed in considerable 
numbers in tlie coniuncti\'a?, cornea and sclera and are very abundant in 
the tissues surrounding the optic nerve, but they are sparce or even rare in 
the iris and retina. Their presence and location are not sufficient to 
account for the degree of ocular damage produced in the infection, particu- 
larly in the iris and deeper membranes which are primarily responsible for 
loss of visual acuity (Puig Solaiics et al., 1948). The lesions produced 
consist of petechial hemorrhage, inflammatory perivascular infiltration, 
edema and pigmentation of the various tissue layers, punctate, vascular 
and interstitial keratitis, and, terminally, fibrosis of the cornea and atrophy 
of the optic nerve. Tlie majority of these proliferative and degeneratue 
changes can be observed ophthalmoscopically’. , . , 

In Guatemala, and occasionally in other endemic areas, patients with no 
^’isibIe or palpable Onchocerca tumors may ha\'e symptoms “ “isturo 
vision (Adams, 1938). Other patients from whom all visible nodules ha e 
been excised develop faulty vision years aftcrw’ards. Some of these pa len 
also e.xhibit hypersensitivity to tactile stimuli (personal demonstra ion . ^ 
Dr. U. Robles to the author, 1938). In these patients the 
usually be demonstrated in biopsied pieces of skin or corneal . j 

These observations, based primarily on white patients w]ioha\e con 
the infection in endemic foci, support the view that some paren , 
the subcutaneous tissues either failed to stimulate "“^ous encaps 
or are located in nodules not superficially visible or pidpa ^ j,e 

A certain proportion of cases sho%vs painful erysipelatoi 
face and scalp, and particularly of the ear-lobes. The ume 
head are frequently accompanied by a marked ° “Co.'ist.'il 

In Guatemala this variety of the disease is referred 

DiSnosis.-From a diagnostic vieiv P“"‘ biopsJ’ 
cercosis are recognized; (1) Visible or palpable no u e . (h) 

negative for microfilaria due to (a) immaturity o ^ within 

females mature and discharging roicrofilarne but ; niales, henev 

the nodule, or (c) females * "'ttare but « .thout ^ 

not producing embryos; (2) . 

edema and inflammation of 

toid variety), with microfil,..-^ — ----- , »M,hed or 

nodules present, skin thick and purplish ''f „ maturities pref^ 

fflari® demonstrable, and (4) mature iiginS. 

patient with an onchocercliosis facies mdieati g P 
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filarije demonstrable, and (5) any of tbe abow types with difTerent degrees 
of involvement of the e\e. In endemic foci the presence of nodules of the 
types described aboie is suggestive of onchocercosis, but these nodufes must 
be distinguished from lipomas and other types of nodules. E\cision of the 
nodules under local nu\ ocainc anesthesia, their gross section and demon- 
stration of the delicate thread-like worms in the matrix of the tumor 

* small pieces of skin or, 
, pro\-idcs izjaterial from 
'■ ip of tepid physiological 



I Ki 274 - SiTtioii ihrciUKli iiimIuIc in OncAorrmt n4r«i(«« show mu s(K-ru-.o<l outer 

la}cr. filiru-niurout luatns. nmi wornts imlioMcHl in mntnx. X 0 (Unuiiial t'l>ntnnii(-rosrai>h 
III sortion i>rr|xU’rJ trooj uislrna) jvoentej Ip t>ir sulliur hy I'rnl K. >u]]rj«>rn ) 

xiilt solution and deinoiistr-.itcii under the iiiieroscoiH.'. I’liniture of the 
cv sts to obt.iin rnk nifibirio? for diagnosis not adv iscd sinev this may kill 
tiu* parent wonns and pnidiicx' a sc\eiv allergic condition. In p.itieiits 
without palpable iiiHlules, hut iithcrwise having .\%niptoms suggestive of 
uiu hiKx’rcti'is, deinoiistnition of the iiikn)fil.mje from the skin or con- 
juiK tiva constitutes the onl\ ivrtaiii iiiithtHl of sjaxiHc dkigiiosis. I'nlike 
the other well-known inierofilarke in itiaii, tlitiso of Ofichticerai invade the 
litotHl vevsels so ranlv. if ever, (liat hluml exaininatioii is not a practical 
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metIuKi of <luiB,io.is. A moilenite to loRh co»!nopl,ilia (12 to 75 per cert) 
nay M.|;gert a l,el.n]ntl)iasjs and thus indirectly lead towards a specific 

inent'Hv*tl demonstrated a positive comph- 

1. e itriixatlon est in tins infection, workers Iiad little success in Africa in 
utlluiii)! tins liiiigiiostic aid, hut Hoziecvieh ct al (1047) have ciiiplojed 
Uncliocercd, Dtro^hna mmiUa ;hhI other filurial antigens with relatively 
hatii>fact()ry results in intnideriiial and conipleinont-fixatiou tests of Amer- 
ican j)atients. 

Therapeusis.-Many cheiimtlicrapeutici, have heen tried in attempts to 
kin the Oncliocer«ii> Iml iintii recently (1947) none have been particularl.i 
[innnising. Anthelininties like iieoi>tibo 2 ian and 


* ic.vciut-ni n>r home itinc. Clinical tests nith Xaplniride sodium 

(Uayer 2()A) in two small series in Guatemala and Alexico have pro\ideii 
some evidence that the drug, in an amount of 0.02 Gm. per kilo every 
week for S weeks, not only mliibits production of microfilarim but kills 
some or all of tlie worms. Similarly, in both of these areas, limited clinical 
trial has been maile of Hetrazan (l-<liethyl'iarbamyl-4-methjlpiperazine 
IICl), hut tlic <loses of I to 2 ingm. per kilo of body weight tolerated by 
ir. bancrufti patients have jmnc'd so toxic for Onckoccrca p-itients that the 
amount iias of necessity bwii rc<luced to a fraction of the trial doses. A 
po.ssiblo e.xplanation is that Hetrazan kills the worms rapidly and produces 
a pixifound allergic state. fntro<!uction of filaricidal drugs directly into 
the center of the nodule lioiisliig the parent worms may occasionally kill 
tliem, but this procedure is painful and is not always reliable, altliough it is 
recommended h} Hodhain and Valcke (1935) and d’llooge (1935). ^ 

The simplest ami most satisfactory treatment thus far deMsed is to 
enucleate the nodules as soon as they appear. ^ ci • a 

Prognosis. — Tsually good in those patients in whom the microfilariie o 
not endanger the vision, but in a considerable proportion of cabcs m 
Gvi.vtemala ami Mexico eye j>atho!ogy is already present when the p.i lea 


IS first examined. . , 

Control.-TJie breeding habits of the iiitenucdiate host, 
stones in fast-flowing streams, makes larvicidal control of this host ' , ' 

(’ertain workers liaNe advw;Ue<! the instillation of barrels of oil 
larvicidal chemicals at sites above the breeding grounds, so tha le 
be slowly discharged into the stream. A more practical 
ijoration of concentrates of DDT into blocks of cement, w 
phiceil in the stream above the breeiiing grounds. Tins Jat er 
heen tested in the Belgian Congo with considerable success (/» 
van den Berghe). bvrenim- 

In highly endemic areas considerable control ina> o r,.jJcing tbe 

ing all of the palpable nodules as soon as they appear, i .j tJj^ues.tbe 
likelihood of systemic intoxication produced by the worms . p„ats 
danger of ophthalmic damage and, at the same time, pre . patients 
from becoming infected. As a precautionary . „ju.ro tliesus- 

should not be allowed to travel into uninfected ter 
ceptible Shnulium hosts occur. 
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AcVNTIIOClltlU)N'EMV CoilUOI.l), 1S70 
(gomi'. from axai’Sa, spine, xctXot, Hp. and tlire.ul) 

Acanthocheilonema perstans (Maiibon, 1S91), Itailliet, Henry and 
Langeron, 1912. (The peraistent filana.) 

Synonyms. — Filana sanguinia homtnis minor Jfaitson, IS9I; Filarta sanguinis 
hominis Persians Maiison, 1891, Filana ozzarJi var truncala Matisoa, 1897, Df 
pelaloncma perslans (Manson, 1891) Yorke and Maplcatonc, 1929. 

Historical and Qeograplueal Data. — Tins siiccics of fiLanoid nematode was dis- 
covered l)y Daniels in Demeraran alioriRincs ni British Cluiana and was first de- 
scrdicd and named hy Manson, \\ ho also first identified tlic microfilaricc in the hhKHl 
of Xegroesfrom the Congo. Since that day the infection has been found to he prc%.a- 


filaria rclati\ely common in Xorthem Rhodesia where ir. bancrofti is uncommon 
and Lofi loa is not known to occur. It has also been rejiortetl from western coastal 

.kmazoii Valley and m 
lea, Algiers and Tunis 
itisli Guiana where tlic 
■ rc<iucntly associatcil in 

id of Lon lua, m South 

America, at times with tliat of MansomUa ozzardi. Stoll (1047) has estimated the 
world incidence of .1. pirslans as 27 millions iiirludiiig 19 millions m Africa and 8 
millions in tropica] Anionca 

Man IS the only imiiortaut dcfimlixc host of .1 pcritmir, although Fan salyrus 
and other higher primates in Africa ha\c l>ooii listed as Inists. Scxeral relatnl 
species of this genus and closely rclatcsl genera liaxe In-en reeo\errd from monke>s 
from the Western nonusphere (I’aiist, 193.*»; McCoy, 19.1.), 1930) 

Structure and Life Cycle ol the Worm.— The adult w<>rn):> arc long, i'.\ liiidri- 
(.il, tiliforiii neiinitixles. with a Miiuotli ciiticula and a i>iniplc, iin.iniK-d, 
or.il extremity , con ered w itli a tiiticiilar shield hearing on each side a large 
lateral aiiil ap.iir of siilmieilian papilhe (Kig 275 .1). The tail in botliM’xes 
is rt’cuntsj lentnul, and the vutkula of the c.\treme e.iiid.il tip is split, mi 
as to form a p.iir of ininiite triangular Haps, which an‘de\uid of a supixirting 
core (Fig. 275 li) 

The male measures -15 mni. in length hy till p in greatest hrcadtii, with a 
cephalic diameter of 10 p In the cimteal region then* art* 1 ]>.iirs of preanal 
papilhe and 1 jKist.iii.il jiair Thecopulatnry spicules are rml-like and lery 
umsjual ill length (Fig. 275 (') 

Tlie female has a length mc'.usiinrtiieiit of 7<i to SO mm .uni a gre.itest 
hreailth of 120 p, while the diameter of the hUiiitly roundeil lie, id is 70 p. 
The i oh.i is .sitnalnl 0.0 inni from iW lejdiahe end. 

The.uiult worms liseiii the InmIv eavities and as^xiatnl tissues, iiuluii- 
iiig the iiieseiilery, the iK’rlren.iI and retrojKTitoiuMl tissues, the piciiral 
e.ivity and the {H-ric .irdiuin. w here they an* sometimes found in c tnisidc ndile 
nuiiihers. 

The microfil.iriie of ,1 jierslnnsarv n<iti-iH*ni>(lii . hut their mnni ers in the 
hlcHol \ar\ at dilfcn-nt times. They have a greater pmlilec tioii for con- 
c'cntratioii in the he.irt, lungs and gn'atcr arttrit*s th.ui for the ]h ripiund 


P->IUSITi'S OF 

Circulation. These raicrofilariie (Fie ok m 

•i.5 u, and are capable of remarkable nLt .• “'“"c about 200 a bv 

conspicuously smaller than the micro^f “^ 1 ?-'^ 1™®““’™- 

ioa /oa, and lack a “sheath” fi e ' ^Vncherprin hr,^^,.tr . t 

tion or shortly thereafter). The'ii ' 

the head end and the anal imrA J is about 30 ;i from 

difficult to demonstrate. In additfoi"tnhe''^^T' 
characteristic of all microlilari® thw nrtr ^ • ®^^jnary wiggling movement 
the blood as the microfilaria; of ganism also travels about through 
stomach. A perH of develim = 

necessary before the worms bi^*^ ” ,'" “‘"“^Astc insect iLt is 

ore tue norms become infective again for man. Only partial 



on.l nf f«Tv, 1 ^^ocheUonema Persians. A. antenor end of norm, nith papilla; S. caudal 
A ^ "orm, with cuticular flaps, C, caudal eitiemity of male worm, shonui* caudal 
P P n ropulatory spicules, Z), microfilana from penpheraJ blood of patient, o. analpofC 
ec, excretory cell cp, excretory pore, (?,, <7,-,. so-called ‘'genitaJ cells", nr. ner\e ring. (A,B. 
C, after Leiper. Trans Roy Soc. Med. and Hjg ./>. X 8S8 original) 


development has been obtained in Culex pipiens suhsp., in Mansonin 
uniformly and in Anopheles viacuUpennis subsp., while Sharp (1928) has 
obtained complete development in Cuhcoidcs austeni, inciuding; migration 
through the wall of the stomach and hemocele to the thoracic musculature, 
metamorphosis within twenty to thirty hours into a true first-stage larva, 
two (and possibly more? ) eedyses during residence in the thoracic museJes, 
then migration through the softer structures of the head into the lahiunii 
and emergence of mature larva from the proboscis sev en to ten da.vs alter 
experimental infection of the fiies. About 7 per cent of the wild C. ausUnt 
at IVIamfe, Cameroons, were found naturally infected. The related >pecjt3> 
C. grakami, is probably an equally good intermediate host. 
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The incubation period in man is not known. 

Epidemiology.— Human infection results from inoculation with the infec- 
tive larvae at the time the CuHcoides takes a blood meal. In turn, the lly 
becomes infected from inResting ^Vicrq/f/aria persta7i4 at the time it takes a 
blood meal from man. The infection occurs in tropical regions of Africa 
and the Americas. 

Pathogenesis, Pathology and Symptomatology.— The parent worms live in 
body cavities. In certain individuals the presence of the worms and their 
metabolites may occasion a moderate allergic state, with eosinophilia, 
eclema and possibly asthma. Bourguignon (1937) found numbers of Mf. 
Persians in liver tissue, in association with necrotic foci presumably of 
bacterial origin. Certain workers in endemic areas would assign to the 
worm the causatise role in certain cases of lymph \arix. Morenas (1929) 
reported the presence of this filaria in a patient who had toxic eileina of the 
left eyelid, dyspnea, prccordial pain and had a 59 per cent eosinophilia. 
In -I. gracile infection in New World monkeys the w orms characteristically 
sew theinsehes into the mesentery, epiploon, pleura and pericardium and 
provoke a pronouncwl fibrinous exudative reaction. 

Diagnosis.— On finding non-periodic microfilaria* of this specific type in 
peripheral blood. 

Therapeusis,— Xo specific treatment is known. 

Prognosis.— Good. 

Control.— Tins filaria, although widely distributed, appears to be depend- 
ent on intermediate insect hosts which breed only in forest, jungle or 
swamp. The gradual reduction of such areas will probably be accompanied 
by a corresponding diminution in infection with Acanthocheiloncma perstans. 

Acanthocbeilonema streptocerca (Macfie and Corson, 1022) comb. nov. 
Synonyms.— .l| 7 amo/faria streplvcerca Macfic and (’orson, 1922; J/icro- 
filaria streptocerca (Macfie and Corson, 1922) Stiles and llassall, 1929; 
JJjpciflfoneHia slrcplocercn (Macfie and Corson, 1022) l*ecl and Chanlome, 
1919. 

Tile nucTofilari.i of this wonn was first described b^ Macfie and Corson 
from biopsy of natiies of the Gold Co.ist, where Onchocerca tolculus, .1. 
perstans and other human filari.is (Kciir. It nos present in 44 {ter cent of a 
surwjcnl group, all of whom were m a|)|Mrcnt rixmI health. In lO.iS one 
natiNC' of the llelgian Congo was found to harbor tins sixx'ies of filaria and 
in 1939 three additional liiiiuaii infections were discovered. In 1949 I't“cl 
and ('hanluine for tlie first time discovered adults (two females uiui a 
fnigmeiit of another), in the cut.'ineous eoiinccthc tissue of Pun i>aniscus 
and Pan satyrns. 

The microfilariic are sheatliless and taper ut both extremities. When 
fixc*d. the body is relatively straight except at the iK>stcrior en«i winch is 
strongly bent in a sbephenl’s-cniok curve. They range in length fnmi 
ISO to 240 ii and measure about 3 n in diameter. The anterior extremity 
is hlimtly nmnded. Xu oral stylet lias iKeii sc-en. The anatonueal lain]- 
marks which have bc*en fouml are us follows (expressc-d in iiercvntage 
♦lislantv from the anterior emi): nerve ring, 29.9; excretory iM)n*, 3-1.1; 
('n-eell, 09.2; anal iK)re,S9.2. Tltci»osteriorcxtrvinity is blunt ami c-ontaiiis 
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ovoiiliil nuclei to 'vitinn I ^ of the end. Sharp (1927) lias found tliat llie 
capacity of this microfilaria for vital dyes is very slight, like that ol 
11 wherma bmcrofii, as contrast«i ivitli the strong affinity of the niicro- 
hlariie of 0. voltuhts Loa ha and A. Persians. According to Sharp, this 
species does not utilize SimuUuni damnosuvi as an intermediate host 
Workers in the Belgian Congo state that in some infected individuals 
there is considerable cutaneous edema and elephantiasis of the skin for 
ivhicJi tile worms are possibly responsible. 

described a new microfilaria (J//. actoni) from eastern India, 
ibis embryo, said to be related to Alf. jmrstans, is sJieathless, exccedinglv 
small and has terminal tail nuclei. 

Genus ]\lANhONELL.i Faust, 1929 
(genus named for Sir Patrick Manson) 

Mausonella ozzardi (Manson, 1S97) Faust, 1929. (Ozzard’s filaria.) 

Synonyms.— Fdarja ozzardi Manson, i897 (pro parie); Filaria Demarquayi 
Manson, 1897 (ncc Zune, 1892); Filaria junua Railliet, 1918; Filaria tucumna 
Biglieri and Ardoz, 1917. 

Histoncal and Gaograpliical Data.— This filaria was first studied in the micro- 
filarial stage by Manson, in blood obtained by Ozzard from Carib Indians from the 
interior of British Guiana. The microfilaria was at first believed to be different 
from that obtained by Newsam from natives of St Vincent, nhidi I'as designated 
F. dcmarqitayi by Manson, but the studies of Penel and of Leiper have shonn that 
the two forms are identical. Since the name demrquaiji was previously used by 
Zune (1892) for another human microfilaria (possibly Mf. bancrojU), it is not a\wl* 
able for Manson’s species, which becomes M. ozzardi The distribution of this 
species includes the northern states of Argentina, inland along the northern coast of 
South America (McCoy, 1933; Buckley, 1934; Rounti, 1935), Yucatan (C. U 
Hoffmann, 1930) and certain of the British West Indies (St. Vincent, St. J-uci » 
Dominica) In Colombia and southeastern Panama the coastal areas more r 
quently .show Acanlhocheilonema perslans, while tJie river valleys farther in an 
more characteristically have a heavy Mamonella oztardi infection (McCoy, • 
The microfilaria, which is found in 25 to 30 jier cent of the natbes of e . 
states of Argentina and lias been described as F. tucumana, is the ^ 

(Vogel, 1927) Manson, as well as Sehgmann, report this species from ew > 

but this latter may be “Filaria’^ malayi or some other species. 

Structure and Life Cycle.— In Mansonella o^rdi the male is ^ 

from a single posterior fragment of 38 mm., with a *n,.rrnwtd 

0.2 mm. The tail is strongly recurved, and betmnies gradua ^ 

up to 0.27 mm. from the extremity, where it abruptlv rouiu 
slightly bulbous termination. The t\vo copulatory spicu es, p 
unequal, have not been described in detail. . Ur,.-,<lthof0--l 

The female has a length of 65 to 81 min. and a ma.\nninn * 
to 0.25 mm. TJie cuticula is smooth. The JmatJ is ' jg o„ tlie 

moutli leads directly into the esophagus. The anal P j; On 
summit of a small papilla, 0.25 inm. from the Posterior ^ 

either side of the caudal extremity ■ ■ . 

fleshy core (Fig. 270 .^1). The vuh 
anterior end of the female worm. — --o— 
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more or lesh irrejiular in cont<mrns it proceeds to the junction with tlte two 
uterine tubes. The small ovoidal eggs measure 21 by S.4 n. Various stages 
of development are found m sueecsshc parts of the uteri from within out- 
wards. Tile fuliv -dev eloped microfilaria escapes from the egg membrane 
before ovij)osition takes place, so that the microfilaria is “imsheatJu'd.” 

This microfilaria (Fig. 27(» H) is very active tii fresh bhuKl-filins, elongat- 
ing and constantly coiling on itself. It me.isurcs about IS5 to 200 by 5 a*. 
Tile cephalic extremity is provided with a pcMirly-develojied prepuce. The 
caudal cud is pointed to somewhat the same degree as that of 
jjerstan.i lioth the oral and the caudal e.\tremities are fri'e of nuclei (2 2 to 
2 o per cent and 98 0 to 08.2 j>er cent respectively). The nerve ring is 
situated between 21.9 and 22.2 jkt cent distance from the anterior e.xtrem- 
ity. The e.\crctory pore IS situ.it«l at about the junction of the anterior and 
the equatorial thirds of the bmly (3().'J to 31 5 iK*r cent) with the excretory 
fell just posterior m position (W.O per cent) The Gi cell is at 07.9 to 09 3 
jier cent and the (m cell at 79.2 per cent, the latter being immediately m 
front of the an<d pore (79.4 {)er cent). 'I'he micnj/ilariie of tin’s species arc* 
non-periodic. According to I/iw and Vincent, Aides agi/pfi (syn. SicgoJiiyia 
fasctaUi) was believed to be the liist'Ct host, while Fullchorn obtained 



and .*) IHT cTiit of tlie wild files of tliU "jK'ties weri' iiatiir-ally infecteil 
Within twentv-foiir hours after ingiMion hv the llv in a IiIikm] iik.i1 the 
embrvos have migratisl to the thonix. in the iiiiiMiilature of wliich meta- 
uiorphosis, timtugh tlirx-e true l.irv.d s|.igi»s, witli two mlvH-s, insiirs. 
Complete devdiipmeiit to the infective-stage Urvii> and migration of tho'<' 
larva* timmgh the tis.-.ues of the head to the tip of the pnihoNcis take pkue 
within five to sc-veii d.i>s 

Epideauolosy.- In en<leime territory’ nun aiYiiiirc*s inflation following 
expo^nn* to in.itiire larva* of the wonii which art* deixt'ilcsl on the 'kin 
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when an infected appropriate species of Culicoides takes a blood meal The 
gnat acquires infection from persons in whose biood the microfilaria; are 
circulating. 

Pathogenesis, Pathology and SymptomatoIogy.-TJie adult worms have 
been recovered from the mesentery and the subperitoneal tissue of the 
anterior abdominal wall. The worms are believed to be non-pathogenic. 
No symptoms have been recorded, but in certain individuals there is the 
possibility that the worms may be responsible /or allergic manifestations. 

Diagnosis. On the discovery of microfilariae of this species in peripheral 
blood. Hiey must be differentiated from Mf. bancrofti and Mf. persfans, 
with which tliej’ are frequently associated, and from Mf. malayi, which is 
“sheathed" and has nuclei in the caudal tip. 

Therapeusis. — Unstudied. 

Prognosis.— Good. 

Control.— Unstudied. Undoubtedly involves protection of individuals in 
endemic areas from “bites" of Culicoides and the more general problem of 
gnat eradication. 


Subfamily Dirofilaninas Wehr, 1935 


(Synonym: Uoain® Yorke and lyfaplestone, 1926, pro parie) 

This subfamily contains species in which the caudal a!® are vvelWevel- 
opedi supported by pre-anal and post-anal pedunculated papill®. Species 
of this group which have been reported from man include; DirojUoxia 
maqalhdesi (lljanohard, 1890), D. repens Ilailliet and ffenry, 1911, ^ 

isianensis Faust, Thomas and Jones, 1041, D. conjimciivie (Addario, JSSo) 
and Loa loa (Cobbold, 1804). 

Genus DntoFiL.\RiA Raju.iet and Henri*, 1911 


^enus from dims, cruel, andfiluna) 

The members of the genus Dirofilaria are characterized by the 
oral labia and bj- possessing very inconspicuous cephalic papute- 
esophagus is relatively short and is divided into an anterior muscu ar 
a posterior glandular portion. The spirally-coiled postenor ex rci 
the male worm has a bluntly conical termination and is . ,jj 

caudal aliB. There are large pedunculated pre-anal, and ipjjg 

papilla, the spicules are unequal, and a gubernaculum is wan 
vulva of the female worm is slightly post-esophageal in p • 
embry os hatch before they escape from the mother ‘ 

sheathed” microfilariaj circulate in the blood, ^he 
species live in the chambers of the connecti l85(j)» 

mornmnN q’hf* most common .si^ecies I.S 19jro/f/or/o iwiwn 1 ( 


Subgenus Dirofilaria Faust, 1937 
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copulatory spicules is not distinctly acuminate. They live in the chambers of the 
heart. 

Dirofilana Magalhaesi (Blanchard, 1896 nec 1893), RaiUict and Henry, 1911. 

Synonyms . — Ftlaria magalkaesi Blanchard, 1890; Ftlana bancro/(i de Magalhacs, 
1892. 

The only reported case of this infection was tliat of de Magalhacs, who, m 1SS7, 
recovered one male and one female specimen from the left (’) \cntncle of a Brazilian 
child The male measured 83 mra long by 0.407 mm. in diameter The tail was 
coiled 540 degrees. There w ere 4 pairs of pedunculated prominence'*, and 4 jiairs of 
postanal papilla, all of which were desenbed as “mulberry-shaped,” with sujierficial 
dcnticulations. 0/ the two unequal spicules the lc^Ber had a length of 230 p The 
cloacal t ...... 

measure 


2.5G mm.,.uu 


from the rounded posterior extremity The cuticula of the worms was oijaquc, 
white, and transversely striated 

The embryos coiled m the egg membrane in tilcro measured 38 by 14 p At tlie 
time of Qviposition, they c-caped from the “sheath ” The length measurement of 
tlicso microfilarias was 0 3 to 0 33 mm and the diameter G «<. Their cuticula was 
provided w ith delicate, transverse striations 

Although the life cycle of the organism (las not been studied it is conceivable that 
a mosquito serves as an intermediate host, m a way similar to that de'cntied by 
FuUcborn for Dirofilana immitis 

4 male Pim/ilana (suhiJiccius) Dtrofilana, with characters sjieci/ically different 
• ' ' inchard, 1896), was 

Ncgrcs.'*, natiscaiid 

.... .....V .ww 941) dc'ignatcd this 

worm as D fouisiaiicnsM fur pur]>oses of record, although a rc\ ision of the subgciius 
Dirofdarxa may justify the inclusion of t> and D louigxantntia in the 

sjxicics D tmimltt 

Subgenua NoebtieUa Faust, 1937 


Members of this subgenus arc relatively small filanJ^ The males have a distinct 
asymmetry in numlicrand distribution of llicircauda} jNipill.Tand a vcryaciiminato 
larger sjiiculc. Spccici of tins swbgciiuH live primarily m the ciilaneoui .and suIh 
cutancous ti'.sucs 

Dirofilana repens llailhct and Henry, 1911 

Synonym.— Fifono ocutiuscufd Molin, I8.'>S, of CliitwtKtd, 1933. 

This worm haslxHm recovered as a natural |>aniv|(c of dogs m llurojK: (Italy), the 
U S H II , Indo-Cfuna, Argentina, Brazil ami the ITiiitcd States (Hcsjiortcs, 
1039'1010) A .single human infection lias liccii reiMirtcd (Kk.rjabiii ct n/ , 1930) 
A male worm was removed from a sulxrutancrms nodule of the lower right c>chd of 
a fcinulo jiaticnt in the V S S H 

Male wonns removed from the canine liost mrasurc 3 to 7 cm in length by 0 37 
to 0 43 mm m diameter There arc 3 to 4 adaiial jiapillj? on one side and 5 or 6 on 
the other The longer, acuminate spicule lias a length of 0 46.) to 0 .>90 mm , the 
shorter one, 0 IS-i to 0 20G inm. 

Female worms 111 ■ 

V ulv a IS situ.aled 1 « 

207 t...JGOpby5t., o,. ^ - ■ . 

.tides ag’jpti, .1 reminunis and AnopfuUi maculipcnniM mnculijicnnn have l>ccti 
found to l>c accejitabto mtcniK'diatc Iwista 

The jicrccntagc dv-taiire of the micrufilana'a laitdiiurks from the ccjiliahc ex- 
tremity arras foftows nerve ring, 20 I; excretory iiurr, 29 2, Ci, rrll, (si 9, ai;al jure, 
7.5 7, terminal caudal nucleus, 896. 
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Dirofilaria conjunctivas (Addario, 1885) Desportcs, 1939-1940 
S^onyms.-/Vforia conjuncfa Addario, 1885; F. lalklis of Pierantoa!, 
1JU7 [ncc F khalu? l ane, ISUA, = Cunmjhnema, fi,le S-Amhow, 1924 and 
Bruinpt, 1927); possibly F. palpebralis Pace, 18C7; F. pmfow-hmm 
liabes, 18/9; A. wcrmu Grass!, ISS7; F. apapilhccphala Condoreffi- 
I'rancaviglm, 1892; i ■ 

Immature fiJarias w • . . 

the one described by ' , ^ 

filaria, liave been reported on numerous occasions from the Mediterranean 
Basin, as well as otlier localities. These include the follo\Ying: An adoles- 
cent filaria, 14 cm. long (/'. jtcritonvsti-hominis Babes, 1879), removed from 
a nodule in the gastrosplenic ligament, at autopsy of a woman in Budapest, 
an immature female worm, 10 cm. long {h\ palpehralisVac^, 1866)> removed 
from the upper lip of a boy ■ ‘ ni 

tumor in Palermo (Supino, 

(Alessandrini, 1900); two 4 /e,....-.j 

an immature male worm was recovered {Forbes, 1918); one from the eje 
of a man in Argentina {Filaria sp., Parodi and Bonavia, 1020); one incom- 
plete female worm obtained from a conjunctival tumor, superior orbital 
location, from a resident of Narboime, France (Coutelan, Joj eu.T and 
Artigues, 1933); two additional cases from France, one from Central Africa 
(de Meillou and Gillespie, 1943), and one from Turkey (Unat, 1944). 

Desportcs (f. c.) states that all of the worms recovered from the Mediter- 
ranean Busin are species of Dirofilaria, because they have a relativeb 
short esophagus, a sliort tail and a patent anus; that on account of their 
anatomical position in man they closely conform to B. repcns (i. e-, belong 
to the subgenus Nochtiella Faust, 1937), but that they appear to be 
specifically distinct. _ ‘ t -v h 

D. conjiaictirx is an encysted subcutaneous-tissue parasite, of whic 
several females and one male have been recovered. The female measures 
16 to 20 cm. in length by 0.5 mm. in breadth The male has ® . 

measurement of 58 mm. I’he cuticuhi is fineJj' striated. The oral en 
unarmed, the anus subtenninal (0.3 mm. from the caudal e.\tremitj; an 
the vulvar opening of the female 50 to 104 p from the anterior ex 
The uterus is compo.ec ' ’ ’ .W/h embrycs lueasurme 

250 [i by 55/i. The infec 

and, at times, a localizei^ v-- 

The life cycle of D. conjunetirx is known only in so tar as ^ 

worms in man are concenied. First of all it is necessary o o 
males in order to ascertain if the species is distinct from o ^ 

genus. Secondly, since man does not ap^ar to be an en ire • octant 
(i. e., the worms do not reach maturity in human f],p micro- 

to discover the reservoir of the infection. In the ^ finafly- 

filari® must be discovered and their characters ^.Xnmi^nrai stages of 
the arthropod transmitter must be found and the ^ ^ natural 

the parasite described. It seems probable that mosq • and P- 

intermediate hosts of D conjuruHivx as they are tor u- 
repens, but this requires demonstration. 
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Geni-s Lo\ Stiles, 1905 

(genus from ha, a term commonly used by the natives of Angola. 

West Africa, for the worm) 

(Tlie loa worm or "eje worm,” producing loaiasis or fugitive swellings.) 

Loaloa (Cobbold, 1S64) CastelLani and Chalmers, 1913. (I'he loa worm, 
producing loaiasis.) 

Sjnonyms . — Filana medincnsis Gmclin, 1788 pro parte, Filarxa ocuh AuHiaat 
Dujardin, 1845; Fxhna laerymahi Dubim, 1850 ncr Gurlt, 1833, Filarm oculi 
Gcrvais and van Deneden, 1^9, Draeuncidue ocuh Dieting, ISGO, Filaria suheon- 
juncliiahs Guyon, 1SG4 of Braun, 1902, Dracunculus loa Cobbold, 1864, Ft/aria /on 
Guyot, of Lcuckart ct al.. Embryo .l/icrojS/ana diuma Manson, 1891. 

Histoncal and Geographical Data.— The earliest record of the loa worm was that 
of Mongin (1770) who extracted a specimen from between the conjunctiva and 
albuginea of a Negress at St Domingo (Haiti). There followed a senes of cases 
desenbed from the New World by Bajon (1777, Cayenne, F. Guiana), Arrachart 
(1803, St Domingo), Larry (1812, St Domingo), Roulin (1828, Magdalena H, 
Colombia), Guyon (1838, Martuuque), Lallcmant (1844, Rio dc Janeiro), and 
others All of the.se cases were recently imported Wc.>t Afncaii sla^e8 The first 
authentic observations of the presence of the «|)ccic8 in indigenous territory were 
those of Guyot (ca 1777) m Angola, where the worm was stated to be a common 
human infection, and was desenhed under the native name uf loa Since these 
earlier observations the distribution of Loa loa has been found to l>c quite cvtcnsivc 
in Central West Africa, being distnbuted along the coast from Southern Nigeria, 
the Cameroons, down to Angola, and from the Frencli Congo inland to Central 
Trojncal Africa (Welle Rucr distncl) and |)ovubly to the contiguous border of 
* an incidence of 90 per 

e New World are now 
African endemic areas 

Stoll (1947) has estimated the world incidence of loaiaMs to be 13 millions, all 
acquired in /Vfnea 

Structure and Life Cycle. —The adult worms vven* first cvin-fully sttidial by 
Ixiosj, (19114). Till- hotly is cvlimlricallv filiform and seinitraiisparcnt, 
tapering aiitiTinrl.v to the Miiall tcriiiiiial iiioiith. whirh lacLs papilla*. Tlu* 
Iifad, is, Iiowevor. oriiaiiu’iited with two I.iU‘r:il aiwl four small siibiiicdiaii 
papilla; (Fig 277 J), which lie iii one transverse plane just behind the 
mouth. 

The males measure .lO to .{4 mm m length byt).;hl to 9.43 mm in greatest 
breadth, which i.s in tlie anterior part of the hotl.v . The jwsterior portion 
tajicrs gradually townnls the (.'ludal end Tlie females range from 59 to 
79 mm. in length, and li.ive a iiMxitnum tiiaiiietcr of about 9.5 mm. The 
eiitieula is providinl with uumermis mumh'il, Miiooth, transluecnt bosses, 

V ary ing greatly In number ami arraiigeiiieiit. In the male they an* lacking 
at the two extit-mities. hut m the female they an* <-ommonly pr^-nt at the 
posterior end and may uNo he found at the cephalic e.vtn’imty 1 he mouth 
ojH-ns ilinH-tly into a .slemler miisrular esophagus I’usterior to the i-soph- 
.igus is the long filiform iiiid-mtestiiie. which attains a diainrier of 9.) >i 
•tiid Is (ontimusl at its laml.il extnuiiity iiitoa short atteiin.ile nxtuiii 

The tail of the male (Fig 277 //. f) is runcti somewhat ventnul It is 
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it IS surrounded bv 5 pairs of ^ Posterior end of the wo™ 

t'P- The two copulatory spieulas ^ f towards the caudal 

S8 to nSp respectivelv. The ano-eenitsr^fi “““"'"S ‘-8 to 176 and 
sphincter. “ ano-gcn.tal orifice is guarded by a poif erfni 



The posterior end of the female (Fig. 377 D) is broadly rounded and has 
a pair of terminal papillie. The vulvar opening in the female is situahsi 
some -.5 mni. from the anterior end (Fig. 2/7 .S). The vagina cMids 
posteriad for a distance of 9 mm., u'here it bifurcates to form t!io iitfri- 
1 hese latter, with their inner rcccpfacu/a seminis, oviducts, and ov.iri.in' 
tubule continuations, practica/fy fill the entire body. The uteri coiitiin all 
stages of tlie developing einbr.’k’os, wbicb are enclosed in an egg fne/nbr.ine. 
This membrane in the fully einbryoiiatcd egg /x*coines elong.ifed into f'a 
slieatli wiiicli surrounds the microfilaria. 



FILARIOID 'FORMS 


543 


According to Coutelen (1935) the length of life of the adult Loa loa varies 
from four to fifteen years. 

The microfilariae, which are discharged into the subcutaneous and deeper 
cutaneous passages formed bj' the worms in their migrations, reach the 
peripheral bloodvessels, in which they are most commonly found during 
certain parts of the day (9 a.m. to 2 P.M.). This phenomenon has been 
responsible for the designation of these embrj'os as Microfilaria diurna. 
The microfilaria are similar in size (250 to 300 fi by 0 to 8.5 n) to the corre- 
sponding embrjos of Wucherena hanerofti but differ specificallj' in internal 
organization. These points of difference were first carefully studied by 
FUlleborn (1913). They are illustrated in the accompanjing figure (Fig. 
278). Sharp (1923) made a careful comparison in both living and fixed 
microfilarije and found that they were stiff and ungraceful hut could move 
rapidly across a microscopic slide by a combination of lashing and undulat- 
ing movements. The caudal end is short and relatively thick and the 
cephalic end broad and flat. (For comparison with Mf. bancrofti and Mf. 
malayi, vide Table 3, p. 504 ) 



1 lu 27S — ^{tcrotilarlftof t.o<]toa Forcxplana(ionotlan<liDatk»h(« l-ijt SSU X COG. (.Vfter 
rulleborn, Archiv f SchifTa- u Tropcii.iUcicnc ) 

The life c.vclc of Loa loa involves certain species of mango Hies (C/iryjo;« 
dimuluiia, C. nilacca and possibly other species of this genus), which arc 
day-fe«lcrs. As early ivs 1895, Maiison suggcstwl on epidemiological 
grounds that Chrysojis dimidiala was the intenntxliate host of the worm. 
The work of Ia-Iikt on the West Co.ist of .Vfrica in 1912-191.3 lent certain 
experimental jiniof to this view, while at the same time it showed that other 
“biting” insects w ere prob.ibly unsuitable hosts. lA'ipcr’s experiments were 
confinned by Kleine (19iri),wlK>investigati'«l the problem in tlieCamenHUis. 
Fimdly the detailed tnansniission studk*s of the Coniuls (1921-1922) have 
given a comidete history of the insect phase of the life ejcle. 

The microfilaria* are t.iken into the stomach of Vlirynojis when the fly 
takra a bJooiJ-jm'.il of a jxitient iMrlwriiig the iiucn»fiJ.iriie m his f>erij)her.il 
Shortly after being ingested, the eiiibrvos lirtak their way out of 
their “sheaths.” They then incrc.ise M»ine»liat in size*. m.ike their way 
tlmuigh the stomach wall, and pnieeed to the inustul.ir and ctimiective 
tissue of the abdomen and to a k*sser degree the tivsues of tiie thorax, w here 
they hc-come tluck*‘iii«l ami bent on tlieiiisehes, while the eaud.i] extremity 
(lev e!(>|H a sickle-shaiKsl termination. During the thinl d.iy the .dimeiitary 
tnut btx-omes cximplcte From the fourth day imTe.iM* in kiigth lakes 
pl.ux* and by the fifth thiy the kirva is usually coiled into aeorkstrew sjard. 
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. . vvvi^bia wmcW oceuia m me interxncdiate liost. From iJie 

bcventli day onwards a mtirkwl incrense in leiigtli occurs, accompanied by 
a slight decrease in hrea<ltli. The larva* now migrate to the fly’s head, 
wliere the mature ones may he found m largest numbers about the tenth 
day. Tliese larvje measure 2 mm. in iength by 25 to 27 fi in breadth. 

he u onus are now ready to leave the fly wijcn the Jiost takes a blood-meal. 
Ihey make their way rapidly down through the labium, and emerge as 
wliite glistening tJireads, their numbers in heavily infected flies amounting 
to several hundred. AYhile most of the mature Jarvm leave the dipteran 
host in one migration on or about the tenth day, the % may remain infec- 
tive for a period of five days. Within sixty seconds after the norms ha\e 
emerged from the fly they have disappeared under the skin of the mam- 
malian luist. Attempts to infect monkeys, rabbits and guinea-pigs have 
been unsuccessful, altliougli the larvai resulily penetrate the skin of the 
guinea-pig. 


Nothing IS known of tlic development of the norms once they have 
reached the subcutaneous areas of the human host. 

Epidemiology.— i\fan becomes infected from the “bites” of certain species 
of Chrysops harboring the infective-stage Inrym of tins filaria. White per- 
sons in endemic area-s are usually lc*ss frequently e.\posed to “bites” of 
Chryaops and. therefore, even if they become infected, harbor relatnely 
fewer worms than the native population. The fly becomes infected frem 
blood meals of patients having .1//. foa in their circulating blood. The n es 
are phototactic and characteristically feed during the d.aytime. 

Pathogenesis, Pathology and Symptomatology.— The .adult worms ordi- 
narily live in the subcutaneous connective tissue of man, where t le.' 
migrate back and fortli, for tlie most part witliout c.ausmg serious s;mp 
toms. Tliey have been found in the e.vtremities, the trunk and even le 
scroinin, but appear to have a certain predilection for the head i 
been recovered from the frenuluiu linguhe, the vicinity of the 
.iml especially from the region of the conjunctivse. ^ ,iy 
wandered into the anterior cluimber of the eye. 'Ihey emp 

bothersome when passing across the front of tlie eyeball (rig. " . ' 
beneatli tlie corneal conjunctiva, or over the bridge of tJie "“j®* , . ^j,’ 

most cases give a history of fugitive swellings (Calabar svve g . ^ 
may become as large as a half goose-egg, are painless but lo . 
and disappe.ir in two or three days. The ^ -f • h.hp/cd to fcc.‘ 
to these ephemeral swellings remains unexplained, out it is 


I)henomenon of temporary local sensitization. clinic.il 

Van den Berghe (personal communication) are found 

of loaiasis, viz., (1) patients in whom adults plaitive for 

tmiritusandeosiiK-ph'!';*; 


of loaiasis. 
without nu 
adults and 
and (11) pai 


ith marked cdeuia third ('P*-' 


adults are not evident but with t],is third t.'P*-’ 

fever anti cosinophilia. Dubois (1046) descTi 
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Europeans ami Indicated that the sjudromc frequently consii.ted of pruri« 
tus, filarial edema, prurigo, thickening of the skin and eosinophilia. John- 
stone (1947) reported on a personal infection with four mature worms. 
The sjmptoms consisted of pitting edema and associated severe neuralgia 
of the affected member; on return to Knglaiid the fugiti\e swellings were 
much more pronounced during the warm summer months than in winter. 
During its spontaneous emergence from the inner canthus of the eye one 
worm caused acute pain. 

Piarnnsis.— In a patent infection tins is made on rcco\ cry of one of the 


ititr.ulermal test (Chandler, Millikcii and Schuhanlt, 1930; Kodhain and 
Diihois, 1932), although this usually indicates only that the patient has a 
filarial infection. In persons with allergic manifestations but without 
adults or inicrofilariai, the intradcnnal test provides evidence of filariasis. 
On the basis of exposure and clinical gnmiids difTcrentiation must then be 
made from other types of filariasis. 



t lo Xi'i Dissruiii ttw luicraOun <»( tlic sduH Itvi tun llin,iifili tlic I'unioa) 

«>n;unctita. (OnciitalJ 

Therapeusis.— There is no i-iniiieiitly s.itisf,ittor\ dieinothenipy for 
lo.iia'is. De Cho/iy (1 !).'{7) nJicf fwm the fngifiv e s« dlhig in one 

p.itieiit after eleven injixtioiis of a li {ht (xmt s4>lution of lliliiiiiii antimoii.vl 
tluuinal.itc in .unoimts of 2 to 4 ce. appmxiinately every other «lay. IVnt.nv- 
oJent antjmojii.ils, .ks aImi X.qJiuride MxJiun) and lJetr:i 2 .in 

all •le'^erve •'jH'eial ilinic.i] tri.d. {Vvie gujtm umler “irMrArrrriii \xincTi>j\i" 
and "Ouckitcfrcti nilriilux.") The procwlure sumiiioiily einpIo,ved is to 
n'tnove the worm with a hiKikis) needle when It is migrating through the 
conie.ii (siiijiinetiv.i. This retpim's i*oiisIder:ihie skill and must be earrinl 
out 'IHislily. else the worm vvill h.(\ew.iiidensle]ww here into a less .im-ssi- 
iile liiding pLiee. IJg.itioii of the woriii hitilitates Its n'lnov a] w ith minimal 
ilam.ige to the (siriie.i. Klliot (HMh) advist-s that tSM-:iMii 2 .ition of the eve 
oft« n diNturbs (he worm, so that it r-ipidlv abanduiis the (suijuiutiva. 
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ny in micctcci areas and anti*CAr^5o;)j eampaW Fir 

repellants as benzyl benzo:ite and dimethyl phthalate, applied to the 
exposed skin, will keep off the flies for periods of a few hours, but are not 
practical for exposed native populations. 


yj^fcrtilized female worms, one removed in two parts from under 
tlie conjunctiva and one from the neck of a European woman in India, have 
been tentatively referred to the genus Loa under the name Loa {mitirenda. 
rJie worms Imd been felt three years previously under the skin on the front 
of the patient’s thigh, hut the lesion was regarded as a swollen Ijmphatic 
by tlie physician wlio was consulted. There was a G per cent eosinophilia. 
Tlie worms contained neither immature eggs nor microfilari* and 15 thick 
blood films, taken at various hours were microfilaria-free. It is belie\ed 
that the worms were mature but sterile, due to the probable absence of 
males. The two portions of the worm removed from the conjunctiva were 
.'10 mm. and 55 to CO mm. long hut were badly damaged and partly eviscer- 
ated. That removed from the neck was 13 to 14 cm. long by 0.6 to 0 64 
min. in diameter, ^faplestonc (1938) states that these worms are clearly 
not ^Vuclicreria banernfti and most closely resemble Loa loa "because of the 
shape of the anterior end, the short csojihagus. the position of the \ ulva and 
the cuticulnr bosses.” They dilfer, however, in being two to three tirae.sas 
long, in having a straight caudal c.xtrcmity and a subterminal anal pore. 

FILARIOID NEMATODES INADEQUATELY DESCRIBED. RARE OR OF 
UNCERTAIN IDENTIFICATION 


The following list of mature, immature and microfilarial stages of fi/aria 
worms is included for reference. Some of these are probably good specie 
but have been inadequately described; others are possibly immature s 
of well known species; still others may be purely fictitious, i e , 
“Filaria" *‘Agamo/ilaria” and "Microfilana," as used in 
little or no generic value but arc used in the older group sense tom t 


that they are filarioid nematodes. , ]-);r^£kria 

Filaria conjuuctivae Addario, 1885. (Vide supra under F 
[NochtieJla] conjunctivx.) 

Filaria extraocularis Skrjabm, 1917 eonjunrius^ 

Loa extraocuhris Skriabin, 1917.) This fonn is knoun on i m the Cau- 

feinale obtained from a small tumor of tlio orbital cavity ol a P. ..l possessed 
casus. The worm measured I4 8 cm. in length by 0.012 mm. m . anterior 

a finely-striated cuticula, esophagus 035 m by 85 1 *, nerve ring ^ head 

extremity, anal opening 100 m from the caudal end obtained only once, 


the rounded ends. The cuticula was ,vas faubterininai. 

of Us 0 small lateral, and four submedian iiapAhe. The a • .Vordmann, 

Agamofilaria oculi v Siebold, 1839.-(Syiioaytas. F. ocuu nu 
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1832, F. lenlis DicsiiiK, 1851.) — S)M:cimcns of this womi ha%e been rejwrted three 
times from the crj’btalUnc lens of man but the descriptions are inadequate to state 
^^hethcr the worms even belong to the Filarioidea. 

Filana taniguchii Pcnel, 1904. — (Synonjm F. bancrofli Taniguclii 1903, «cc 
Cobbold, ' . . 

0 2 mm. 

groin of a ' . . 

gencous and the cuticula finely striated. The mouth was provided with bps, con- 
sisting of four lobes, each bearing 2 pairs of very small papillx. There w ere no tcetli 
or other armature. The vnilva was situated 1.3 mm. from the anterior end. Tiic 
anal jiorc was very inconspicuous and was located 0.23 mm. from the caudal ex- 
. • It The jmIcs 

icn elongated, 

. raniguchi also 
m at tim&s in 


medan poheemaa in Bombay had a nocturnal iicnodicity, was “unsheathed,” and 
had a truncated tail. It measured 131 m by 5 3 It may have been a small or 
shrunken type of .V/. bancro/u. 

Microfibita romajioruni Verdun, 1907.— (SynonjnoJ Mf rofnanorum-ortcntaUi 
Sarcani, 1888.)— This microfilaria, descnl>cd as 1 mm. in length, from the blood of 
a Iloumanmn, is a very dubious s|)ccics entity. 

Filana sp. Parcxli and Honavuv, 1920 i^Dtrofilann conjunttnx ?). — ^Tiiis form, 
dc<>cril)od from a single adult female Hx^imen, was extracted from the cyo of a 
woman of French origin in Argentina The worm mcaMirerl UO mm. in longtli hy 
0 41 mm. in diameter, had a wiutish, fincly-striated cuticula, an unarmed mouth 
and a vulva situated 0.5 mm from the cephnhc end. The cmhiyus in ufrro were 
“enaheathed,” and measured 2.V) n by G n No imcrofiliria! were found in the con- 
junctiva, where the jurent worm moved alHiut freely. It feem.s altogether im* 
probable that tbi-« is the adult form of .Vftcro/Mrm txrKmnna Bighcri and Ardoz, 
1017, obtained from {Kiniiherat bliMH) of |>aticnts in North Argentina. (Sec .Ifanson- 
flifl ozrnriii, p .>30) 

Filana sp. Dumas and I’cttil, 1919. — A single male sjicciincn of this form was 
obtained fnmi the >cn>t.al w all of a French railw.vy eniplo> ec suffering from hydrocele 
of the scnituni. llnimpt (1922) liehcvcs it Ui l<e a ]>.vraMtc of some other ho't, 
accidenbiby dcvcloind in man. 

Suborder Camallanlna (Chitwood. 1937} Pearse, 1936 

Meinbi-n. of tins Mibonler h.ive a mouth Usu.illv I.itkiiig jt'eiidul.ibhi lint 
.It tinifs fornu-d In two l.iter.il “j.iws.” The cMipli.igi-.il glamls ure Usually 
iininufliMte 


.Sl'l'KIlt VMILV l)KV<t’.N<lUMI>KV rwit.uns, 19.11 
MetniKrs of this su|K’rf.itiu!v h.i\c » iiiouth which is .i simple )>on.'. siir* 
rtiiindnl In .in inner < iirle of f to t> ixtpilla* and :ui outer cirtle of 1 double 
p.ipilhe, and with the ainphids {xisterior to the I.itend ixipillie. The 
('..oph.igiis and intestine .ire vestignil. The viiK.i, whuh is sitti.itisl 
Vditr.illy iie.ir the fcin.de worm's ts|uator, atrophiis iK-fure the wunn 
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IiMomra icsudly iiiiiti.re. The utcti are rlivcl^sent. The larMe discharged 
from the gnwui feiuivlcs jire rhalulhoitl.” Of the two recognized families 
Diacunculid® U‘ipor. 1912, and Philometrida Ihiylis and Dauhney, 192G, a 
iunnan representative is found in the fonner family. 

Type Fduiiljf DHACUNCUfJDJC LcipcT, I0i2 

(SviKnu ni: Kuenehornndm Faust, 1929) 

This family of neinatwJes mitains species in wiiicli tlie female worm is 
enormously longer than the male. The jm'sterior end of the male is coa- 
hj)ieuoiisIy roiled >'e«trad. 'J'lie eopufatory spicules are unequal or sub- 
ecjiuil. Several j).iirs of jxTWmd papilhe are always present. In the gravid 
females the uteri vonw to fill pnictieulfy the entire body, the vulva becomes 
atrophied and tlie vagina dismtegratci}, and the larva* are discharged by 
prolapse of the uteri from a rupture of the l)(»dy-wall near the mouth. The 
jinus is a!s(i jum-functitm-d «»» ' 'I” females are vi\ iparous, 

■ • . • * * . “rhahditoid” larvs. 

■ ‘ • •• . • . fresh-water copepods, 

»> iuen, wm*n s\vjillo\ve<{ in nnv water, eonvey the infection to the defimtive 
liost, in which the worms mature m the viscera or subcutaneous tissues. 
The classical representative of the family, Vracuncubia mcdinen$i8, \i au 
important human parasite. 

(jkM'.s Dku'u.vciu's. Ukichauu, 1759 kmknt). Br^ckltt, 1938 


(genus from (fmeo, dragon, seri)ent) 

Dracunculus medinensis (Limiieus, 175S) Callandimt, 

.^Ied)na norm, (luiuea norm, serpent norm or dragon \YoriQ, pr g 
dnu'tifioulosis, drucunciiHasis or dracoutia&is.) 


Synonyms. —t7or(/i«3 tnftfoicusis Limwus, IT5S (fch 1785); (?) 1 
(Lmn., 1758) Gallaudaut, 1773; Dracmculus nrxcorum Gmncr, un, 

IWccr, 17f ■ 

lS3G)Scl,no ■ . . . Dungteon, 189., 

medmams (Liiina'Us, 1758) Lcipor, 1920. 


bad and parts 
introduction, 
the Guiapas a 



imAcuxrt/Lus ;,4n 

found tiiat drncunculo^is became extinguished m Itahia States, iirazd as the icsult 
of a jiarticularly drj' «‘a'sni whicli dried up the i»cmd» m which the intermediate 
host, .l/ncrori/fio/)S /iMcna Ihcd Autochthonou> human caK-s haie al'Mi lxH?n 
reported from the Netherlands Indies. In North America it has I>ccn rciKirteil from 



111, JMI />niru'iCiifu4 .4 uilrtnir 4 M \ i< m ms o 

i|> <-rr« ir^ ]>n|uUjp r^i| linsii« kIsikI (•! mill! iirr\e tins <'i'i il In a-ln-ii I 

irar wuiiii. t \ rtnl ol t<n(OiIai«-rs] iffovt •Jhiu ins triU’ I'tt 

(Iirulr^ (r<l iliaUilnilMiii t,l (irr-itlisl Stiil |■a|>•lbp ll'l. ai.ii F|»ru1*t •Kralli It 

•r«> of llir ituti-unrulu* u .|.M-I,srs''t trwni Ut<> »a>rn>, «it)i iiml-iiilr>lii,r 

iikl <>|iriiiiis smt Iminlla-. tirr«v iins a>ii<l s>»>lai Itfinouiliuiii i, A t‘‘t It < .Si<i 
X 7i, l>. X .J**! .!•<*. fiiiiD Mi«nli> ) 



!vo ■ 
by 


Structure of the Adult Worms.— TJie adult worms develop in the viscera 
or m the siibcutancous connective tissue. TJie gravid females measure 
from H) to 1-0 cm. m length (with an average somewhat under a meter) by 
"* ^ recent invei.t{gations of Moorthy 

(IJ.}7) male norms had been definitely reported on only tuo occasions, a 
single mature worm measuring -11) inm. in a natural infection from India, 
and^ tno miinaturc worms from an experimental infection in the monkey 
(Leiper s case), with a length of 22 nim. i\roorthy s -15 males obtained 
from experimentally infected dogs, niiigcd in lengtli from 12 to 29 mm. and 
had a ma.\injum diameter of 0.4 mni. The worms are elongate, cylindrical 
tlircads or cords, bluntly rounded at the anterior extremity and recur\ed 
ventrad at the caudal cud, which serx'es as an ancliorfor the vomis- The 


cuticula is smooth. The anterior end (I'ig. 2S0 ^1, If) has a cephalic 
prominence. Tlie minute triangular mouth lies hi an oval or quadrate 
prominence and is surrounded hy an inner circle of 0 a ell-developcd 
papilla*, of which tlie two laterals are single, but the two vcntrals, and at 
times the two dorsals, may' he partly fuse<l to form a twinned pair (Fig. 
280 if). The ampluds arc just exterior to, and in a transverse plane 
posterior to the interno-lateral papilhe. A pair of lateral cervical dcirids 
is found just beliind the plane of the nerve ring, only 1 mm. from the 
anterior end. The mouth opens directly into the sliort, narrow, muscular 
esophagus, wlu'cli merges with the distended glandular esophagus some 
distance in front of the nerve ring, which produces a marked constriction 
in it. The glandular portion of the esophagus proceeds some dis^nce 
backwards (from a few to 4CHJ0 mm., depending on the length and sex 
of tlie worm) before it is continued as the long cylindrical mid-intestme, 
which empties tia a sliort conical rectum, and opens through a minute ana 
aperture, a sliort distance from the caudal c.xtreinity (0 25 min. in 
and small females, 0.9 inm. or more in mature feimjJes). ihe 
end of the male (Fig. 280 C) is coiled on itself one or more times. 
genital papillie (p) consist of 10 pairs, of whicli 4 pairs are pre-ana a 
Opaii^posl-anal ■ .ab^aal, measur.ng 

■190 to 730 P long. . . tut 

The caudal end o' . j i fpH about 

these are lacking in the mature females The vulva is situa 
10.3 mm. from the anterior end of the worm. , nosition under 

As the female becomes sexually' mature, she migrates t _ P. ., 
the skin m an area of the body rebieh is frequently or 
in water. When the cephalic end of her body I dermis- 

it produces a small, papular induration and ’lesiculat 
Such papules are most frequently found Tv four hours each 

may develop on the .abdomen or back, tt'timi ^ increase 

papule has developed into a blister, which may soon rupt 
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in size for four or five days. Sooner or later, however, it breaks open near 
the center. If the infected member then comes in contact with fresh water, 
a delicate loop of uterus, which has prolapsed through a ruptured part of 
the worm’s body near the head, will be extruded, A\iil burst open and dis- 
charge motile larvae into the water. Successive discharges of larvai will 
typically occur whenever the head of the ulcer comes in contact with water, 
until the entire progeny have been evacuated- 

Life Cycle.— The rhabditoid larvse which are set free into the water 
(Fig. 280 D) are wiry objects, measuring 500 to 750 n in length by 15 to 25 /t 
in greatest diameter, with a bluntly rounded anterior end and a long, 
attenuate caudal process. Esophagus, mid-intestine, anal pore, ner\e 
ring, and genital primordium may be recognized, as well as a pair of anal 
papillaj set into deep pockets, one on either side of the anal opening. 'I'he 
cuticula is conspicuously marked with tr.insverse striations. The larva 
moves about with a stiff motion, at times coiling on itself to form a Greek 
letter “ft “ It has no boring apparatus, or other means of gaining acti\ e 
entrance into the intermediate host. If, however, specimens of an apjjro- 
priate species of Cyclops are present in the water, a condition which is 
frequently fulfilled in endemic areas, some of the lar% » are ingested by the 
Cyclops and, on reaching its mid-intestinc, break through the soft wall and 
come to lie in the celomic cavity of these animals. More than five or six of 
the larvjB usually cause the death of the Cyclops. In suitable species of 
Cyclops [C. qnadricornis auct., syn., C. strenuus pro parte, C. rindis pro 
parte; C. streiiuus, C. viridts, C. biaispulatM, C. vwgnus, C. lernahs, 
Eucyclops agilis (» C. sernilaius auct ), 

Macrocycloia ftiscus (* C. coronatus 
ternis {t),pOiii,ih\y Thermocyclops kyalih * v * 
q;clops varicans, }[. linjanticus, and other specks], the larv® proceed to 
undergo metamorphosis, with a loss of the striated cuticula about the 
eighth day and two days later the de\clopinent of a delicate en\elopliig 
sheath Subsequently tliey become quiescent and sluw no inclin.ation to 
quit the Cjc'lops. If, however, after iiietamorpbosis of the larva-, the 
Cyclops with their parasitic progeny arc accident.ally ingested by man in 
raw water, the action of the gastric juice causes the larva; to be active 
again, they escape from the semidigcstcil Cyclops body, penetrate the wall 
of the digestive tract (whether the stomach or duodenal wall, is not clear), 
and migrate through the tissues, coming to lodge in the viscera or sub- 
cutaneous connective tissue, where aperioil of not less than eight months is 
re<iuired before the female vv orms are mature ami are ready to migrate to 
the skin to discharge their young. 

In addition to the human host, draciiiieulus worms have been rcportc<l 
from ‘logs, liorses, cattle, Icopanls, polecats, monkeys, baboons, and the 
cobra (?) fnim the Ohl Worltl, am! from the fox, silver fox, raccoon and 
mink in North .Vincrica. Ix-iper (1907) was successful in infecting a monkey 
by fet-iling Cjclops containing mature Dmctniculus larvie, but Fairley and 
Liston (1925) failed to infect Silenus shiicHs. Dogs hav c iiecn Miecx’.ssfully 
infcct«.Hl on several ixTasions (Ilsii, 19X1, Moortby, 1937). It is in ‘logs 
that males were first developed in numbers (Moortliy, 1. c.). 
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Epidemology. Man becomes infected from ingesting infected Cyclops 
m raw drinking water. In India and probably in other countries ’here 
religious ablutions require nnsing of the mouth at the time the body is 
punhed by water, infection is most frequently acquired during this 
ceremony, llie water has previously been contaminated by infected 
persons wlio iiave waded into the water, thus allowing the larva; to escape 
from cutaneous lesions. 


In 194() Lindberg reported on a two-year survey for dracunculosis con- 
ducted in Bliosra, a Dcccau village of India. He found that there was a 
much higher incidence among those drinking from step wells than from 
curb wells (viz., 38.0 vs. 14.5 percent); tliat the rate was significantly higher 
in males than in females of both categories, that the incidence rises steeply 
from four years of age to 85.0 per cent in the thirty to thirty-five year 
quinquennium, then decreases rapidly. Tlie number of worms varied from 
1 to 50, although few patients had more than G. One individual had 
fifteen worms in a single year. In Jodhpur (Rajputana State, India), 
which is in a highly endemic area, Lindberg (second communication, IWG) 
found 1 to 3 per cent of the hospital attendants infected. Since well \Yater 
is often brackish, the population depend primarily on rainwater for drink- 
ing. Tlie high incidence of onsets extends from May to September (Mon- 
soon rainy season), with the peak in July, the warmest montli, uhen the 
larva incubate most rapidly in ^fesocyelops levcharti, the proven inter- 
mediate host of the area. 

Pathogenesis, Pathology and Symptomatology.— Of the many clinic.'il 
studies on IHcdina-worm infection Fairley and Liston (J925) were the first 
to investigate this phase of the subject adequately. From an analysis of 
140 cases these workers showed that the incubation period (eight to t«el''« 
months) is essentially symptomless, and that the onset of symptoms occurs 
just a few hours preceding localized manifestations of the infection under 
the skin, due to the migration of the gravid female from the deeper tissues 
to a cutaneous site. The prodromal symptoms consist of erythema an 


to toxic secretions of the worm which have been absorbed into 

The local lesions become evident a few hours after the case o _ ^ 


on the amount of exudation underneath the blister ^ ,, (j,e 

before the blister ruptures. They are most commonly si_ trunk, 

lower extremities, but may occur on the upper ^ i emtTceme 

buttocks, and scrotum. Lindberg (1^6) found ^ ® follows: foot- 
among infected individuals in Bhosra village, India to b .. 

112; ankle, 248; leg, 245; knee. GO; tiiigh. 50: hip. G. 

forearm, 6, elbow, 2; shoulder, 1, chest, 4; t’ the meta- 

Not infrequently they occur on the sole of the foot or 

tarsal bones (Fig. 281). , • ^ vellow.seruiii, "hlfh 

The fluid from the cavity of an unrupturccl lesion is a j 
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is invariably sterile on culture. It usually contains large numbers of 
mononuclear cells, eosinophils and polymorphonuclear leukocytes, as ^\cll 
as larva? of D. mcdmensis. The lesion at the moment of spontajieous 
rupture consists of an outer layer of skin which forms the dome, a conca\e 
partly necrosed base, and an intermediate septum of fibro-gelatinous mate- 
rial, the intervening spaces being fiUed with a fluid exudate (Fairley’s 
“blister fluid”). Near the center of the base is a pore, communicating with 
an adventitious tunnel, in which the female worm is found. The head of 
the worm at the time of vesicle formation is usually just beneath the base 
of the lesion or actually protruding into the cavity of the v esiclc. 



I'lo ^1 -Ilraruii(ulu4 »orm partially rcino\cd froio a ruptured pst-liir ot the /uurlli ti>e 
C.Vflcr Cfttvllavvi a>»l Clialiuco. Tropte&i Meditine ) 

The rupture of the vesicle relieves toxic symptoms but is usually the occa- 
sion for the iiitnxluction of pjogciiic organisms, which not only invade tlie 
cavitj of the superficial lesion hut travel up the tunnel and thus greatly 
aggrav ate the ctmdition The.se coinplicutiuiis are frequently more serious 
than the original infection. Scciuehc of this infection iiiclutle artliritis. 

.. itli the 

111 an enilemic area and of Jirev loiis infection pnn ides substantial presiiinp- 
tion of infection. The metlnxl utilized by tlie female worm in eirectiiig a 
discharge t)f the larva*, as well as the t\i»e of larvjc set free, .are unique .md 
eon-sthule a sjiceific iliagiiosis. Kams.iy (liKij) obtaim-d 8."j jht eeiit atcu- 
rate «liaguoses with ce. of a 0.25 per cent physiological s.ilt solution 
extract of Dranniciilua antigen used intradermally in 41 positive eas<.‘s of 
draciineulosis In Xigeria. This worker states, however, tliat the reaction 
may remain jHisitive years after tins iufeethm has been termiiiatisl. Old 
e.ikified worms iii.iy bo diagnosis! hy j:-rajs. 
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, , ' I . “••u Iwbtoi) (f. c.) proposed an oDcratJve 

tee lUic, by nicibiiig tbe tissues m three or four places overlying the funnel 
and uitbdr.uMug the \yorm lu parts, care being taken not to draw the 
portion of the worm which luvs come in contact with the outer septic crater 
back into the tunnel. In emlemic countries the Dracunculus-inkcted 
natives roJI the worm out lueh-by-mcli as it emerges from the patent lesion. 

in J.H- hJJiott reported on his success in removing Dracimciilus with a 
phcnothuizme eiuuision, in 2.3 of 59 patients wJio came under his observation 
in a Britisli nulitary hospital in West Africa. The emulsion was prepared 
as follows; (1) 2 Gin. of finclj' powdered phenothiazine were miAed with 
0..i5 Gin. lanolin and 15 cc. sterile olive oil, previously heated at 150® C 
for one hour; (2) 5 cc. sterile distilled water were added to make the 
emulsion; (3) an additional amount of 20 cc. sterile olive oil was then 
introduccti; (4) the emulsion was poured into CO cc. (2 oz.) bottles and 
autoclaved at Ho* C. for 30 minutes. The linear are.a to be injected was 
first anesthethed with novocaliic, then 20 cc. of the well-shaken emulsion 
injected intminuscularly into the central path of the worm, followed by 
10 cc. on eitlier side. The region wjis then massaged briskly for fi^e 
minutes. After fi\‘o to seven days tlie worm ma>' be withdrawn by careful 
traction, prece<lcd by manual pressure on the track of the worm, working 
from tbe inner end towards the opening of the sinus. 

Proposis.—Even with the almost constant opportunities for pyogenic 
infection of the tunnels in natives who possess no knowledge of personal 
hygiene, prognosis is good, unless septicemia supervenes. 

Control.— Epidemiological evidence in India points to pools, draw-wells 
and step-wells as being the places of infection w ith Draciinatlus. On die 
West Coast of Africa the ^'illage ponds are belies ed to be the most uKwy 
source of infection. In both regions, however, the actual conditions for 
propagating the infection are essentially the same, namely, (1) theperio _ic, 
or at times daily contact of the body of infected individuals, discharging 
viable laiwie, with water, (3) which harbors appropriate species of Cjc ops, 
and (3) the use of this raw infested water for drinking purposes or o nn 
out the mouth for purposes of ablution. Byconfiningthe waterfor nn g 
purposes within a cemented curb, so that the legs of the j 

not come in contact with the household supply and so that tb® wa e P 
over the curb cannot flow back into the well, the f 
endemic foci can be greatly reduced. It is e?,?;,., Cyclops and 

may be treated with chemicals m amounts sufficient to kill ) certain 
yencave it poUble. Moorthy aud Sacet (19.M 

copepod-feeding small fishes be mtroduced into j • (he „atbes 

the Vicious cycle at this point. lu most ^ 

consider dracunculosis a Heaven-sent curse and look 
at least once a year with considerable equanimity. 
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THE NEMATOMOIIPHA 


CHAPTEIl XXX 
INTRODUCTION 

PHYLUM NEMATOMORPHA (VEJDOVSKY, 1886) EMEND. POTTS, 
1908, RITCHIE, 1915, PEARSE, 1936 

The members of this phylum are roundworms {sensu lato), which as 
adults have a degenerate intestinal tract; the body cavity is lined wholly 
or in part with mesothelium; a proboscis is lacking except in the first larval 
stage. There are two recognized class groups, the Nectonematoidea 
Rauther, 1930 and the Gordiacea von Sicbold, 1848. The species of medical 
interest belong to the 

Class Gordiacea v. Siebold, 1848 (fide Cam, 1863) 

(Synonym, Gordididca Ortlepp, 1924) 

Neina tomorpha in wlticli the body cavity h lined by mcsotheJiuiri ; gonads 
not continuou'j with their ducts, the eggs being discharged into the body 
cavity and then passed into the ducts; alimentary canal atrophied in 
sexually mature worms; lateral longitudinal cords wanting; cloaca present 
in female These are the “liainxorms,'' commonly found as adults in 
liodics of fresli-water, with larxal stage in insects; their presence in the 
digestise tract of man is accidental. 

THE GORDIACEA, OR "HAIRWORMS” 

General Biological and Morphological Data.— ^Tlie ^\u^ns of the Phylum 
Nematomorpba, Class Gordiacea, arc familiarly referred to ,is "hair snakes" 
or ‘‘horse-hair worms," due to the popular belief that they de\eIop from 
horse hairs which ha\e fallen into drinking troughs, quiet pools, springs or 
ponds. They are elongate objects, buff to dark brow n in color, and deii-scly 
opaque. Their ino\ement3 are stiff and wiry, and, at times, spring-like. 
They arc interesting biologically in tliat the immature larval stage is 
parasitic in various insects, while the adults are clianicteristically free- 
li% mg. It is tile adult .stage which has been reported from time to time as 
■•parasitic’’ in the human intestinal tract. 

The adult free-living worms are diccious. They are elongate capillary 
iieiiiatoiles, varying in length from 10 to 00 cm. The fintcrior ends are 
more or less bluntly roundctl; the posterior end of the male is bifurcateil 
lieliind llu' anus or at least possesses a dorsoventraj grtxne, wJiiJe tJiat of 
the female is either entire or trilobate. Tlicrc are no lateral lines. The 
soiiuitic layers consist of .i rclathely thin outer cutieula, a thicker inner 
lulieiilar la\ir with obliquely cross«l fillers, a lijpodcnnis with numerous 
miclci, glandular .'ind none elemcnPi .umI a thick muscular Jajer. 

(.kV,) 
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Tllli ^^EMArOMOnl‘IIA 
the l),xly cavity is ..,t first fill,.,! „.M. .. i 


^•evcssory Kenififi'aiipl^’tus '' the mate /roTa; 

i" r'l: 

escape l,y ,„ca„.s „r a l.cak.liice pr;.larcirptifi‘';,%:f,,Ti' 



stylets and with three rows of lai^ge reversed spines. TJicse la^^■^B bort* 
their way into any animal tissue which is near at hand. In case they 
penetrate the body of various Orthoptera and other insects, they first enter 
the adipose tissue, but later migrate to the heinocele of the host, where 


The Class Gordiacea v. Siebold, 1848 is composed of two families, 
Gordudas Diesing and Chordodidm iVIay. 
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Family 1. GORDIIDJS Diesing, emend. 11 G. 1920 

The species of this family have a smooth cuticula, without true areoles; 
the body bristles are derived from the fibrous cuticula The buccal cavity, 
when present, is not connected with the intestine. The o\.nrjes are not 
connected or enclosed by mescnchjTne. The posterior end of the male is 
provided with two projecting Jobes or prongs arising behind tJie antis- A 
, ..4„1 fT,,. fnmni*. ?« fenfire The 


fc ’ ’ . ^ ' "’'arasites ' 01 man: 

6 * and one from El 

S„. G Schnei- 

der, 1860 (syn G. nlhii Rosa, 1882), 3 cases from Europe; and G. chlensis 
E. Blanchard, 1849, 1 case from Chile, S. America, and Gorduia sp. (proba- 
bly G. To()U3ius) from Florida and from S. Carolina (U. S. A.). 

Family H. CffORDODiD.E May, 1920 

The species of this family have a rough cuticula, with true areoles; the 
tubercles and body bristles arise from the non-fibrous cuticula. The o\ uries 
are enclosed by mesenchyme, giving the appearance of a “double mesen- 
tery.” The posterior end of the males is forked or provided with a dorso- 
ventral groove, but they have no post-.uial crescent The caudal end of 
the female is either entire or prov ided with tliree lobes. Tlie larva* of tliis 
family have a short body which is posteriorly rounded and provided with 
postero-lateral spines. There are ten recognized genera which belong to 
this family (Carvallo, 1942), viz., Chordodes Creplin, 1847 (Fig. 282 C, 
V, E), VaTQQordius Camerano, 1897 (Fig. 282 F, G, 11), Parachordodes 
Camcraiio, 1897 (Fig. 282 I), Buchord^cs Ilcinze, 1937, Chordodiolus 
Ileinzc, 1935, GorJiomis Muller, 1937, Dcalogordius Ileinze, 1933, Parn- 
j;ordiouii5 Ileinze, 1935, Xeochordmks Carvallo, 1942 and Pscvdochordodcs 
C’arvallo, 1942. The following species of this group have been reported 
as “p.ir.vsites” of man; Chordodes caiv/isis Camemno, 1893, 1 case from 
British E.ist Africa, Paragorduis iricHSiddafus (Dufour, IS28), 1 case from 
Fraricx’; P. rarins (Lekfy, JSof), 6 c.tses from A^orth .Imcric.t; 2*. etnefus 
v. Linstow, 190G, 1 case from the Traiisv.ul, S. Africu; i'. arrolfiftis v. 
laustow, 190(j, I case from S. E. Africa; P. esaviumis, one case from Brazii; 
Parachordodes tulommis (Dujurdin, 1842), 2 c.ises from Fnuice, 2 from 
Italy, P. Tiolaccns (Baird, 1833), 1 case from Fr.uice; P. yiisiuh.'nis (Baird, 
ISo^b. 1 vase from Italy; P. ali>c/>tris (Villot, 1884), 1 case from France; 
and P. raphaeli.r, one i.ise from South Afritra. 

Tho “parasitism” of Gordiaceao Worms in Mon. — The earlier writers 


human cligcstii c tnict. Present mfommtion rcgariling the Uie cycle oi mis 
group suggests that tlic adults, or rarely tlie adolescents, of these spexies 
cuter (he hiKlv atcideiit.dly in raw drinking water or in their iiistxt ho>ts 
They may remain undigeste*! for some little while in the digestive tract, 
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during which time their movements and possibly their secretions may occa- 
sion mild intestinal disturbances. They may be passed alive ■per anum 
or vomited. In two instances (Parachordodes rapha'elis and Paragordius 
csavia7ius) the worms have been reported as passed per urethram by young 
females, the former in South ^Vfrica (Uaylis, 1941), the latter in Espirito 
Santo State, Brazil (Carvalio, 1942). Symptoms believed to have been 
caused by their presence over long periods of time are probably due to 
other causes. 

However, there is one authentic record of accidental, but nevertheless 
true, tissue parasitism of a gonliid worm in man (Sayad, Johnson and 
Faust, 1930). A juvenile female of Gordhia (probably G. robustus) was 
partly removed and partly left in situ in a tumorous tissue pocket, which 
liad developed on the lower border of the orbit of an adult white male 
patient living in Miami, Florida. Tlic presence of the worm in this site 
had provoked considerable tissue reaction, with eosinophils, epithelioid and 
giant cells in the immediate vicinity of the %sorm. 



SECTION VI 
THE ANNELIDA 


The phylum Annelida contains metazoan invertebrates Ashich have 
true segmentation (i. e., metamerism), a complete digestive tract, a well- 
coordinated nervous system, a circulatory system and a body cavity lined 
with mesotheliura. There are six recognized class groups, namely Archian- 
nelida Hatschek, 1878; Polychsta Grubc, 1850; Oligochsta Grube, 1850; 
Myzostoma Graif, 1884; Echiunda Savigny, 1817, and Hinidinea Lamarck, 
1818. The only class group of medical importance as parasites of man is 
the Hirudinca, w hich, in a broad sense, are included among the Helminths. 

CHAl*'rEU XXXI 

THE LEECHES (HIRUDINEA) 

GENERAL CONSIDERATIONS 

The leeches arc predatory or parasitic organisms belonging to the 
Phylum Annelida. They have both an anterior and a posterior sucker, 
which arc used for attachment and aUo aid materially in their caterpillar- 
llkc locomotion. They arc regarded as distant relatives of the annelid 
Family suckers, 

jaws, a * . However, 

leeches «... - -..iketicks, 

have a mechanism adapted for the engorgement of relatively large amounts 
of blood. They vary in size from small inatroscopic, vermiform objects to 
those many inches in length, they vary in shape from elongateil cj lindrlcal 
or ov oidal to broadly o\ oidal or pyriform bodies. They are dorsov entmlly 
compressed; the dorsal side is convex and the ventral side flattened or 
concave. Some leeches are a(|uatic, others terrestrial, and still others 
amphibious in their hahits. 

Segmentation (i. e., weiameusm) in the leech is much more complicated 
than it i» in most of the oligochetes In the leech the external aimulation 
docs not correspond to the iiitenul iiietainercs or somites, since each true 
metamerc is providcil with a few to many external rings or aimulations. 
Most investigators agree tliat there is a maximum of somites in the 
leech’s body, distinguished by a similar numlcr of ganglia in the central 
nervous system and a similar number of nmsof sensory papilla*. Externally 
there may be from tw u to sixteen annulationsfor each somite. The ganglion 
lies in the metlian annulus of each metamere. N’ear the equator of the 
Inxly there is the full number of aimulations clianicteristic for the genus or 
Slavics but at the anterior and posterior extremities tlie number is re<lu«sl. 

STRUCTURE AND LIFE CYCLE OP LEECHES 

Tlie I)ody is eovensl >\itb a thin, siiiiMith cuUcula, which is from time to 
time i.ast otf in patches. Immediately beneath is the eindcnnis, c-oiisisting 

(^‘J) 
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of wedge-shaped ccl^ wiiich are intenially separated from one another by 
eS the epidermis are produced many unicellular 

glands, disposed in the underlying connective tissue but opening to the 
surface through long ducts. There are special glands, usually sltu.ited in 
the ninth, tenth and eleventh metameres (cUieUar somites) which secrete 
tJie cocoon-fonning material. 

Tn *0 *1’ . • f • » • 


c— V,. luciamere. inese papi!!» are usually more numerous on 
the dorsal than on the ventral asjKJct of ’ c 

ventral surface of metameres 7 to 23, on t 

of the median annulus of each metamerc, a ^ , 

the y^ephridiojjores. On the dorsum of each of the first five metameres in 
most leeches there is a pair of eye-spots, which are modified sensory papilla?, 
but in some species tlie number of eye-spots is reduced. Except for the 
genus AcanthohdeUa leeches hear no seta?. A few species possess external 
gills or hranchiee. 

Leeches may be leukodennatous or tlicy may be provided with brown, 
black or other pigments so distributed as to form longitudinal stWpings or 
ornate, bilaterally symmetrical patterns. Moreover, the lateral pouches 
of the digestive tract, when distended with blood, may provide a beauti- 
fully patterned picture which is visible from the surface of the worm. 

The leech is quite muscular, due to an outer layer of circular muscles 
next to the epidermis, an underlying, much thicker layer of longitudinal 
muscles, dorso-rentral fibers and raduil fibers. Internal to the tuo main 
muscular layers is the so-called boiryoidal tissue, which consists of branched 
lacuna? surrounding tiie digestive tract. The walls of these lacun® or 
canals consist of large cells loaded witli black pigment. The botryoidal 
tissue communicates both with the blood-vascular system and the greatly 
reduced body cavity. All of the unoccupied interstices between the epi- 
dermis and the dIgesti^e tract are filled with conncctue tissue, consisting 


of cells and fibers in a gelatinous matrix. . , . 

The Digestive System.— In one order of leeches (the Kh.\-nchobueJIid.u 
tlie oral end is provided w'ith a protusilc proboscis; in another order (t ic 
Gnuthobdellida) tlierc is no proboscis but a group of three very muscu ar 
jaics (Fig. 283, A), one nicdioKlorsal and two ventrolateral m posi ion 
within the oral sucker. Each jaw n, like a hard cushion, is coictcu wi 
chitin and is frequently provided with numerous serrated dentic cs. . 
means of pow erful muscles these three jaws operate to 
acteristic triradiate wound in the victim’s skin. (See rig. -oo.; 
mouth cavity leads into the very' muscular pharynx {ph) (®f™* ® htter 
surrounding which are numerous unicellular johrory y/on f- ..i.ipfi 

open near the mouth cavity and serve to secrete an V,;" 

prevents the clotting of ingested blood. '•J.® ■•’*''7^''?,' ,|n.Iciel» 

distally with the extensive, thin-walled cro/i, which e.«eiids 
of the eighth to the eighteenth somite and has 11 capable 

verticiilafA). The crop is the portion of the digcstii etr. c 

of tremendous distention when the leech hikes a full r.innidiatel.' 

portion of the blood meal may be stored for many moi 
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I Ki .Ss3. — ^Diajn’unjmaliC reprostutation of (he mcdirinal Iccrii. Hxntdo tnalxcxnalu. Only 
oiio niC[iil>or of tlio pairs of lateral Uoo<l*^C9!<cU, ncpbridia anii male ccnttalia la ^llowlt. 
a. anus. 6, lateral ljIocxl-\ev<U: eg, cephalic aanElion or ‘{train”, d, cliiellar sonnies, di. 
ilixertieulum of crop; A, ‘'bead,” willt ejo-epota, in^, nud^tut; r, nepliridiuni, or, o%bo 1 P- 
{■cnis. jiA, pliar>nx, sr, seminal >raiclc, t, lestu, W. iitmis; rd, \as deferens, rne, neutral 
nerxo eonl. rng, \ciilral >icr\o ganclion. X 2 .t, detail of one of the three liamnierliead 

Jans mtli iiiarKiiial ilenticlcs, errally cnisrsed. (Orimnal adaptattons ) 

3tJ 
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bUiimi the- crap is tht; tubular stomach or viuUgut {mg), in iviucli dicestioH 
takes place. Its anterior cud m dilated aud the will of its distal portion 
IS spirally infolded. W lien blood passes from the crop to the stomach its 
color cluiiiffcs from reddish-brown to green. Behind the stomach is the 
short uiMnie, wliieli, in turn. leiuls intoa sliort rectum and opens externally 


earthworm, Imt they are more complex ;iud variable. Knch nephridium 
consist.s of (0 a sinuously iooi>ed glandular tubule, with a ciliated inner 
funnel, Avhich i.s at times occluded; (if) a central duct running through the 
cells of the tuimle and niai^y branchwl communicating ductules; (Hi) a 
dilated vesicle at the outer end of the primary duct, and (ir) a terminal 
nepliridioporo uJiicJi opens on the ^enfr.al surface of the worm. 

The Blood-vascular Systeta.— There is a distinct vascular system, con- 
sisting of (i) bliKxl-cc.wlji with muscular walls and (u) blooil simisci without 
muscuiar wa!i.s. The former (‘onsi^t of a pair of lateral trunks (b), which 
unite at the anterior and posterior ends of the worm and also send off 
nwtameric dorsal and ventral branches, some of which anastomose with 
one anotiier. Tlie terminal bmiieh vessels cml in r.npillarjes in the cuticula, 
nephridia, gonads, etc. The blood sinuses, which represent a greatly 
reduced body cavity, consist of a dorsal and a ventral tnmk. These also 
liave anterior and posterior connections, and metainerie branches, ending 
in tormina) capillaries which constitute their only eominunicat/on wJtJi the 
blooii-ves.sels The circulating hlwid wiisists of plasm.'i, at times colored 
with hemoglobin, and a small number of colorless corpuscles. 

The Nervous System. —The central nervous system consists of a series of 
partially fused paired ganglia (rug) iiniteil by twinned nerve cords (r/?c), 
which lie within the ventral hliKMl sinus. At the anterior end of the sj stem 
there is a conspicuously large cephalic or sulicsophagcal ganglion (W 
(representing five fused pairs), which is united by circumesopbage.il com- 
missures with the small dorsallj situated brain. This latter lies above the 
anterior end of the phar^'n.v. -Verves arising from the ganglia mnen ate 
the more hnport.ant organs and tissues of the bo»ly, including the pairs o 
eye-spots on the dorsal side of the .anterionnost metameres, the metameric 
sensorA- papilhe. the suckers, genitalia, etc. 

The Beprod . , O. 
possesses 1 to 

ras effercus, an - .‘it,*' 

(rd), W’Jiicli continue ,is p.iire<i seminai tcaicbes (sr), each being “ r 
provided w’ith a prostnk gland, .in ejacidaiorg duct and a inuscu ar j.. , 
The tAvo ejaculatory ducts enter a common iwwa 
atrium. The ovaries (ar) consist of a single pair of coiled, ani i 
Avhich are continuous Avith their ducts. ^ The two ducts unite to ■ 
mon convoluted oviduct, Avhich is continued ^ a metainere 

opens through a short v.iginal tube in the m. 

behind the male genital opening (usually stated to PP^ . .. • ,^ra. 

Reproduction and Life Cycle.-In some feechcs 
plished AA'hen one leech implants onto the cuticula 
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pocket or spermaiophore, from uhich bpermatozoa i&siie fortlj, migrate 
through tile tissues of the recipient ainl reach its ovary. In tJie group to 
A\hich the medicinal leech (Ilirudo medicmalis) belongs, reciprocal copula- 
tion takes place by the introduction of the penis of each into the vagina 
of the other and the reciprocal deposition of a spermatopliore. Thus, m 
either tjpe, fertilization takes place before the eggs are laid. Some 
species of aquatic leeches deposit a few eggs at a time in small tough 
capsules which are attached to submerged objects. Other leeches surround 
their eggs \\ ith a cocoon, which is then deposited in or amongst submerged 
objects, on the bottoms of lakes and ponds, or in moist earth. The capsule 
or cocoon is secreted by glands of the clitelluin and hanleiis on contact 
w ith water. Species of still another group carry both their eggs and their 
jomig around with them. As soon as the leechh'ng is able to suck blood, 
It Iea\ es the parent and takes up an independent existence, 

CLASSrnCATION OF LEECHES 

The leeches are divided into three onlers, (he GnathubdelUda Vaillant, 
1890, the lihynchobdclhda Hlanclmnl, 1897, and the PharyngobdeUuh 
Joiiansson. 1918. Forms of special roe<lical imjiortanct* are found in the 

(iNATUOnDElLinA Vaillant. 1890. 

This group contains species having a smooth ruticula, a mouth lacking 
a proboscis but usually armwl with tlirt'C jaw.s or p^eudojaws, f^cqllt•l)tl.^ 
armed with denticles, and a spoon-Ilke anterior sucker, 

MEDICAL IMPORTANCE OF LEECHES 

Throughout the .^cars leeches have been regarded as ha\ing a two-fold 
medical importance, namely (1) as a medical aid and (:!) as detrimental or 
dangerous predators of man. 

Leeches as a Medical Aid.— From the time of v.irly (ircek mediiine there 
are records of the Use of lei*ches for bhuMl-lettuig, a practice commonly 
eiii|)Io.\cd b\ plij sicians until the middle of (be iiiiieteeiith century. During 
the ^I^d<lIe .iges ami even until quite recently (lie so-callcKl “inedicin.d 
leech” ( Iliniih vmlmnalis or a closely rckitcd •'jiecicsj ha.s been empjen eil 
III Hiirope and America for the p.irtial cx.sanguiiiatioii of patients stifFcring 
from iwerj vanet.N of ailment from eominoii colds to cancer. The u-se of 
Im lies wius .so uiiiverNiIly accvptcHl as a |wrt of nuiliral .irt that b.\ analog\ 
the piivaicuii hinise/f was referrni to as a /I'c'cii. So gri'.it a as the demaml 
for lifchcs for nusliemal usc that suitable sinries tten> enltureil by the 
tens of thoilsamls in Kurojx* and the I’nited State-.. N’.ielilrieb {1912j 
states that, about ]8.j0. one Aineric.in tec-cli farm disixised of as many as 
I(KM) or more* hrehes d.iily, and that about se^en niillion \u-re iisisl in 
laiiidoii hospitals and fix e to six inillioti in Farts ho.spitals in 18(kk 

With the gradual recognition that in most case.s blood-letting was liann- 
ful rather than helpful to the iiatieiit. the use of the leech as a inedieal aid 
iias biTii almost eoiiipletely abamloiiol. Mtireoxer, it is generally aeceptcsl 
th.it the elfectixe aiitieoagnlatiiig priiKi|>le fnuii the luice.il gl.iiids of 
lets lies {i c., hiruiiiit) e.ui be applksl to a lesj«»n w ith greater precision ami 
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safety than can the living leech. However, there may be occasional justi- 
ncation for the use of the medicinal leech in certain cases of thrombosis or 
phlebitis, and possibly in selected types of hypertension without anemia. 

Leeches Injurious to Man.-Tourists, as well as natives, who travel 
through the tropical rain forests of India, Assam, Burma, French Indo- 
China, Southern China, Ceylon, Indonesia, Celebes, Borneo and Xew 
Guinea, or soldiers who march through the humid valleys of the Himalayas 
or the Chilean Andes, one and all provide colorful accounts of the scourge 
of blood-thirsty terrestrial leches that lurk on every stone, leaf and stem, 
spring onto the wayfarer, painlessly insert their denticled jaws in his skin 
and produce trickling springs of blood from each puncture site. ^Ioreo\er, 
thirsty travelers throughout Northern Africa and Western Asia, as well 
as natives in parts of Southern Europe, who unwarily lap up water from 
a spring or brook, may acquire an infestation of the upper digestive or 
respiratory tract with the aquatic leech, Limnaiis tiilofica, or its close 
relatives. This subject of leech infestation may be appropriatelj’ considered 
under two categories, depending on whether the injuries produced are 
e.\ternal (external hirndiniasis) or internal (inicr7ial hxrudiniasxs). 

External IIirxidiniasis.—Ahhough. species of aquatic leeches, commonly 
ectoparasitic on aquatic vertebrates (as fishes, frogs, turtles, molluscs, etc.), 
will frequently attach themselves to the skin of human beings with whom • 
they come in contact and will avidly suck blood, the leeches which are 
most notorious in this respect are terrestrial in tlieir habits. These species 
commonly live in the tropical rain forests, temporarily attached to tree 
trunks and foliage, to shrubs, grasses or stones, from which they actively 
spring upon unsuspecting human beings or mammals coming within their 
reach. More than a dozen species of terrestrial leeches which attack man 
have been described from Asia, Polynesia, Oceania, Australia, IMadagas^ 
and South America. The species which lias been commonly encoimtered 
and about which there is the largest mass of information is Ilsmadxpsa 


zeylanica. _ • i tl, 

//. zeylanica is a relatively small leech, measuring 2 to 3 cm. . 

by’ a maximum of 5 mm- in breadth. It is provided with a pow erfu ora 
sucker and three powerful jaws having denticles terminating in s or 
points. It is found in Ceylon, India, and possibly Malaya, and in ce i 
areas constitutes a veritable scourge to man and beast, in his ^ a n 
History of Ceylon, Tennent (1800) lias provided a classical description o 
this species: “Of all the plagues which beset the traveler m 
grounds of Ceylon, the most dreaded are the land leeches (/ ^ 

ceylunica). They are not frequent in the plains, which are too lo 
for them, but amongst tlje rank vegetation in the lower ranges ^ , 

country, which is kept damp by frequent showers, they ^ . 

tormenting profusion. . . . Their structure '{ifi, „„t 

can insinuate themselves through tlie meshes of tJie n iliroat, 

only' seizing on the feet and ankles, but ascending to t le a 
and fastening on the tenderest parts of the ' pot which 

vigilance and instinct, that, on approach of a pass y < 
they infest, they may be seen amongst the grass “ [X n 

edge of a native path, poised erect, and prep.ircd for the.r atta 
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and horse. . . Their size is so insignificant, and the Mound thej’ make 

is so skillfully punC*^”''Pfl hnth tiv» (T^nfrollv ;mnprr.pntiOlp onH 

the first intimation 
a chill feeling of the 
being distended M’ith 

the ground in fury to shake them from their fetlocks, to Mhich they hang 
in bloody tassels. The bare legs of the palankin bearers and coolies are a 
favorite resort, and as their hands are too much engaged to be spared to 
pull them off, the leeches hang like bunches of grapes around their ankles ” 

Although the puncture is painless, the wounds from which the worms 
ha%e been removed remain open for a long time and heal slowly, e\en 
when not infected with pyogenic organisms. Moreover, uncontrolled 
bleeding from multiple abandoned sites has been known to produce suf- 
ficient exsanguination to cause death in Europeans traveling in infested 
areas. 

The related species in Japan, II. japonica, is stated by Whitman to 
puncture the skin so expertly that its presence is first detected by the 
trickling of blood from the wound. The specif described for the Philippines 
is II. fa/ajoWa; that from Java, //.jutontca; while three species, II fallax, 
II. moraiiatis and II. xagans, have been recorded from Madagascar. Some 
of the above-named species, or other species, are serious scourges in parts 
of Sumatra, New Guinea, Celebes, Borneo, French Indo-China, Chile and 
Trinidad The land leech of Southern Australia belongs to the genus 
Philzmon. 

Internal Ilirudmiasis.—Thh pathological state is due to aquatic leeches 
accidentally taken into the moutli in drinking water, or gaining entrance 
to the genito-urinary tract from wading in deep water. Species of several 
genera of aquatic leeches have been incriminated in internal hirudiniasis, 

e 

e 


in length by 1 to 1 5 cm in greatest breadth. The body is broad posteriorly 
and more or less pointed anteriorly. The mouth is surrounded by a rela- 
tively we-ik sucker, the upper lip of which lias a longitudinal furrow on its 
inner aspect. The tliree jaws are armcxl with a total of more than 100 
denticles and are providixi with sensory papilla:. The powerful posterior 
sucker is at least twice us large as the oral one. Tlic dorsum of the body is 
t.\ picully a dark oliv e green and the venter, dark gray. .Vt times there are 
dark longitudinal striix.*s on the dorsiiiu. On each side there is a narrow 
orange stripe. 

L. nilolica lues in quiet brooks, stnniins, fresli-water ponds and kikes 
in .Southern Kurope (Portug.iI, Spain, France, Italy, Greece, Bulgaria), 
in N'orthern Africa (Egypt, Ethiopia, Tunis, Algiers, Morocco), the Azores 
and the Canary Islaiuls, Western Asia (Turkey, Armenia, Sjria, Palestine, 
Iran. BaUicliistan, Scistan, Afghanistan. Chinese Turkestan, and even 
williin the frontiers of India). Tlie species rcportc-d from tiic environs of 
SingajHjre is L uiaatlo.-(a, while L. afneana has been identificil from Seneg.il 
uiul the Congo b.isiii, L. mysomclas from Scmegal and A. gTomiloia fnnn 
India. 
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Iittcriiiii iiiniduiiaMs, jirodiiml by .sput-ius of b‘i.‘clies, has 

been reportwl on st'vcnil octvisions fronj ,biva aiuf Sumatra. Once an 
aquatie Iceeh, //a!j»c>;>w amUino, wjw found fixed to the sclerocorneal 
Jiinbus of an Italian Mibjwt 1920). 

I lie small, youn^' leeches of this .sptvies are un.suspectinj;Iv taken into 
the mouth m raw drinkint; water. During; the act of swallowing they fre- 
(juently hecome attaclicd to the iiiucouti ineiiibrane of the pharynx, naso- 
[)liarynx, epiglottis, and e.sojdiagns. ily deep itilialatioti tliey may be 
carried to the lar^Mi.v or eccn t«) the trachea or l)roiicIii. Although their 
buccal armature is tcanveuk to harn» the lumv.m skin,they readily puncture 
mucous surfaces and proceed (o engorge themselves with hlood. While the 
medical literature, especially tj»at of rfiinolarc m.-n-.'i 


I>crsons infested each year are relieved by' Iiome remedies (gargling with 
strong halt solution, iulialation of pungent odors anil tlie successful use of 
a tough twig proviileil witli a single reversed thorn), and tliat only the 
most serious cases not amenable to home cures seek the jiliysiciaii. Fe^'er 
still consult a specialist. Thus, while tlie majority of patients prohabl} 
jiave a pliar.vngcal or uasopharyugcsd involvement, the literature (i. e , 
the more difficult cases) reports more than half the patients suffering from 
infestation of tlic larynx and voc\al cortls; lb j)er cent, the trachea; lb per 
cent, the nasopluiryux; <i per cent, the esophagus, und the remainder, 
infestation in multiple sites. Witenherg (loU) states that L. nilotica is 
miieli more likely' to be the causal agent of ‘‘liahoun” (sulTocation) than is 
the sheep liver fluke (/•'auciohi AcixdiVii). (Puff jtupm.) 

Pathology ami Symptomatology of lalemaJ Huudixiiasis.'— At the ^te of 
attachment the leeoli secretes hmidiii, to prevent eoagulatlon of the ’ 
aiul jiroeceds tt) dmw out blooil far in excess of its maximum needs. »>hi ^ 
this lilooiMettiiig is almost invariably a jiainless procedure, the physica 
obstruction caused by the presence of the worm freiiuently produce^ a 
feeling of pressure, pain, ami a nervous uncomfortable sensation emanating 
from the parasitized focus, together with functional disturbance of 
affected ; : 

\s onnd ■ 


ination ' . ■ 

In case the leech has entered the mouth and has anchored itse 
mucous membrane of the upper respirjvtory or digestive passage, 
Iiemoptysis or lieniatcmesis in.i.v result, depemliiig on the orpn in » ^ 

Prolonged hemorrhage may result in severc .memia, ^ ^ w 
reported from excessive exsanguination (Mastermaii, 1‘^p?'- i„„,nxor 
the nares may cause a persistent headache. When lodged in le •, jy 
on the vocal cords, there m-ay be continuous coughing, with a s 
discharge; there may be pain in the chest, dyspnea w *th or w i m 
hoarseness, and at times complete loss of speech. In the ‘ y-\ujjson, 
leeches may produce suffoc.ation, occasionally swailow' 

190S). If lodged on the epigl^&or in the J |cech infe.ta- 

ilig and nausea are experienced. Jlessmger (10.4) t'P coughing 

tion of a Macedonian wom.in tvho g.ate a history of comulsne t 
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with expulsion of blood for a period of six daj s. On examination, her pulse 
was thin and stringy, her lips and naib were blue, her skin pale and her 
pupils distended. A leech was found attached to an edematous, inflamed 
\ ocal cord. 

Persons wading or bathing in fresh water at times suffer from leech 
infestation of the genito-urmary tract. Woolnough (1928) reported uncon- 
trolled hemorrhage from the vagina of a three .and one-half year old girl 
in Australia, caused by leech bite. Hamilton (193.1) cites leech infestation 
of the labium raajus which simulateil uterine hemorrluige Several physi- 
cians in India, Algeria and Italy have reported leech infestation of the male 
urethra. One jute washer in India (Ghosh. 193.3) observed a leech entering 
the external meatus of the urethr.i .ind was unable to pre\ ent its entry by 
traction. 

In 1903 Kuwahara reported the rwoverx of 2 to 3 cm. length young 
specimens of Limnatis jajjomca from the conjuncti\.i of a patient. The 
worms ha\e occasioned hemorrhage, photophobia and an excessive flow of 
tears. 

THERAPEUTIC AND PREVENTIVE MEASURES AGAINST LEECHES 

External Uinidiniasi^.—Whcn fully engorged, the land leech, llxvia^ 
dipsa zeylanica, drops off. The removal may be hastened by applying a few 
drops of brine or strong vinegar to the site, or a match flame skillfully 
applied to the ^\o^m L'nder no circumstances should the worm be pulled 
off, lest the ju\ss be left in the wound and a phagedenic sore de\eIop. If 
the bleeding from the bites continues for some time, it may be desirable 
to staunch each \\ ound with a styptic pencil The u ounds should be bathed 
for seNeral dajs with mild antiseptic lotions, as boracic acid or calamine, 
to prevent sepsis. 

Persons tnaveling through areas infested with land leeches should wear 
knee-length, water-proofed leather boots and closely woven kJiaki pants. 

Insect repell.ants,suchasbenz.\I Iwnzoate. dimeth\l phthalate, Rutgers- 
012 and Induloiie, when applied to the clothing or impregnated into cloth- 
ing, will provide considerable protection against leeches Ribbands (1940) 
found that diineth)! phthalate, when applied to cloth at the rate of 4 ce. 
per square foot, is completely rejicllant for land leeches for as long as six 
da>s The most important places for application an* the tongue, l.ace Iioles 
and neck of shoes or boots 

Internal II inidinunne —Ixwhvs UHlgwl in the n.isal p.iss.iges ma.\ be 
visualized w itli a iias.il spceuluni In the iiares. naso-phar\ nx or upjH'r p.irt 
of the i)h.ir\iix the> may be coeaiiiizeii ami removixl with .in appropri.ite 
pair of forc-ejis or .i probe pro\ idwl with a sli.irp hook on its inner end. I low- 
e\er, the worm is \ery slippery and is fnxiuentl.N diflieult to gnisp U hen 
the worms are situated in the {wstcrior plwryiix, larj n\, traciie.i or bronchi, 

It is desir.ihle to pKice the p.itient in the Tn-iidelenhurg position befon- 
attempting to anesthetize ami remoxc them, in onler to present the worms 
from being <lrawn farther into the respirators tnict by deep inspiration 
with resultant suffocation. In the more serious i.ises the use of «K-.iine is 
not ads i^l. Through a lar.\ ngos«-«|K* a long hookiil fonrps should Ik* ustsl 
in an attempt to remose the ss’oniis hs gentle tr.utioii. 0(xx^^ionall.s 
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traclieotoniy must be rcsortwl to. Should the leecli be attached to the \\all 
of the esophagus, visualization and cocainization through an esophagoscope 
is indicated. When the worm becomes anesthetized, it drops into the 


Since the majority of patients sufTcring with internal hirudiniasis become 
infested from drinking unaltered water, it is important that individuals 
or troops, passing through, or quartered in, regions where Lmnaiis niloiica 
and its relatives abound, be rcquiretl to drink only water that has been 
filtered or at least has been straini^d through several layers of cheese-cloth. 
An even sounder dictum, although not always possible of accomplishment, 
is to boil all suspected water. 



SECTION VII 


TECHNICAL AIDS IN DIAGNOZIS AND 
TREATMENT OF HELMINTHIC INFECTIONS 


( HAITKU XXXII 

THE BASIC EQUIPMENT REQUIRED FOR THE 
DIAGNOSIS OF HELMINTHIC INFECTIONS 

INTRODUCTION 

Mo-sT laboratoncb, in \vhicl« diagnoili is matJe for helminthic infcctioiiis, 
are also expected to carry out parallel diagnosis in bacteriology, serology, 
urology, hematology and protozoology, ami some clinical laboratories are 
also equipped for pathological diagnosis. Hcncc, mucli of the equipment 
which is suggested in the following pages may be equally serviceable in 
other lines of clinical diagnosis. IIoweNcr, there are certain sets of appara- 
tus ami methods of tcchnic which ha\e been particularly (le\eIop^ to 
facilitate helminthological diagnosis and witliout which no all-round 
laboratory can bo de\ eloped. 

Microscopic Equipment 

It IS desirable to ha\e at least one com|)Ound micro»copc and one binocular dis- 
viclms uuctoscoiie The coHqwund micto»«ii>c may W any one of several service- 
able models which are on the market It should be compact and capable of hard 
UNage. Tlichnc-adjustmcnt screw should be in a position so that the delicate tension 
IS not strained w hen the inicrusco])c is lifted by the handle There must be at least 
three ob}cctnc^, (1) a low -{lower lens of about IGmm working distance, (2) a ]u)'h- 
(Kiwcr dry lens of about 4 mm. working distance, and (3) a bigh-power lens of about 
1 0to2mm workingdistanccfuruscwithiniincrsionoil It is advisable to have at 
least two oculars, a medium and a low' power For constant microscopic c\amina- 


iu)sc-])iccc and without altering the focus uti a given {iroiiaration The advantage 
of such an arraiigcmcnt is obvious, the s|)ecimcii may be cxaiiiuitA under binocular 


iihjcctues in the lic'-t nucroscoiK-s liavc cither a|»oclm>inatic or fluorite Icii'.e*, hut 
achromatic lens's arc satisfactor)* for routine work Tlic di'^'ccting microsco|>c 
should lie c(iuii>|>od with two or three graded pairs of {icnjilanatic oculars and two or 
three graJinl (X'lus of nhjcctivc.s In case no dissecting micru'CO)>c is available, a 
lower niagiiification and grv'atcr vvorking distance of the coin]Kiund niicrovoiic may 
lieobtauiis] hy unscrewing t lie tower portion of the low -j*ower objective, Ir.vviiigonlv 
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a single lens for tlic objective. It mustlic rcjnciiil)crcd, Iiowcvcr, that the diasccbug 
microscope gives a direct image %^hilc the compound nucroscojMj gives an inverted 
one. 

Microscopic equipment will give satisfactory service only as long as it is pioperly 
cared for. The lenses should be cleaned with soft lens paper. Cedar oil should not 
be allowed to dry on the immersion objective, but should be cleaned off with a 
minimal amount of xylol, care being taken not to leave any xylol on the lens lest it 
dissolve the cement in « hich the Iciw is mounted. The entire microscope should be 
protected as much as i>os.sibIc from dust and dirt as well as from moLsture. The 
former is a jiarticularly nccc.s.sary precaution in city laboratories and in those where 
dust is prevalent; tlie latter, in humid climates esiiccially near the sea coast. The 
bright metalled parts should be covered with a thin film of oil and the rack-and- 
pinion, as well as the fine adjustment, should he periodically lubricated with vase- 
line. When not in use, it is desirable to keep the instrument in its case or covered 
with 1 

In • 

prnviu.- 

should also he kept lubricated. 

Differential diagnosis often requires nucnMiicasurements. The micro-unit is the 
micron, usually designated by the Greek letter “m" This unit is 0 001 of a 
millimeter. 

Measurements are made by placing a circular piece of glass, the ocular micromdff, 
on wlucii accurate rulings are ctcliwl on the support within the eye-piece of the 
microscope. When in iiosition th» 
and the scale should he right side up. . 
by the use of an object t/ucromcier, union w a snue on \uimi 
graved 100 units, exactly 10 m a|)art, thus making a total length of I e 

object micrometer, w liich is the absolute gauge, is placed m the center of 
sco|)ic field under the low-jiower lens, so that it is in clear focus, and so . 
ocular micrometer is su|)erim|>osed ou it in equally dear focus. Readings . 
made of the number of objcct-micromctcr units which are exactly equal ® ® , 
number of ocular-micromclcr units. Thus, if one ocular unit exactly ® , 
one object unit, the value of the ocular unit is 10 n', if 20 ocular units equa 
units, the value of the 20 ocular units is 10 X 10 m or 160 p and the xja ue 
ocular unit is 8 n. Similar calibrations should be made for -„Ijr 

objective and for the oil-inimersion objective in combination with „j 


unit values thus secured apply only 


♦ o tl,o nurTinliar icuh^.. - 


the same readings. Once obtained, the unit-values tor ‘‘‘^‘''""^gyrenients oi 
should be recorded in tabular form in a convenient place. i r/^,.i,lftrunjt5and 

*• * -.-*-.t.„w.,„.i.,*l,„vnlnMar«takenintermsotocumr 


This IS doM by the use of a rai^o Wo The /an* M »» 

scope tube immediately surrounding the ocular The , „irror, with acces- 

consishng of a silvered prism, a graduated e j The mslmnient “ 

sory pieces for adjusting the light and centering J, V mirror set at « 

clipped over the empty microscope tube, the ocular in , 
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dcKrce.s and the liRlit and center adjusted. Under these conditions the imaKC of the 
pencil point immediately under the mirror is reflected back into the microscope, so 
that the eye sees, at one and the same time, both the specimen to be sketched and 
the pencil point. The specimen may then be traced on a piece of white paper under 
the iiencil point. It is con\ cnicnt that the paper rest on a small draw mg table w Inch 
has the same elevation as the microscope stage. In order not to distort the image 
sketched it is necessary (1) that the mirror be set at exactly 45 degrees, and (2) that 
the horizontal distance from the center of the sihcrcd prism to the mirror be the 
same as the vertical distance from the mirror to the drawing table Adjustments 
may be made by drawing out the microscoiie tube to tlie desired point The actual 
magnification of the tracings made may he determined by removing the specimen 
from under the microscope, substituting the object micrometer slide and tracing its 
10 4 unit lines on the drawing jiaper 

Theoretically the best light for the microscope is clear white skylight Direct 
sun's rays are disastrous to consistent microscopic examination Practically, a more 
uniform light is obtained from an incandescent electric light of 100-watt capacity 
or an equally strong mantled gas lamp, the rays being filtered through a frosted 
“day-light” blue glass plate, or a solution of copiier sulfate in a Florence flask of 
about 25(1-350 ml capacity placed at focal distance between the source of light and 
the substage mirror of the microscope Frequently the use of the h fiber pow ers of 
the binocular compound microscope requires more intense illumination than sky- 
light admits, so that many clinical microscopists using this equipment haie come 
to rely entirely on a uniform filtered electric lamj) 

Glassware Bequired 


bottlcM, museum jars and aquaria, and (5) serological glas«ware 

1. Microscopic Slides and Cover-BlasBes.— Two sues of microscopic sbdc« arc 
required, the usual size (25 by 75 mm ) and a larger size (37 by 73 mm.) The 
foniicr is used for blood-films, jwrniancnt fecal films, ordinary’ '■cctions and in lolo 
mounts; the latter, for preliminary and concentration fecal films, and umi':ually 
large •'cctions. The cover-glasses should con*ii.st of a supply of 22 mm squarc.s, a 
smaller number of 40 by 22 mm and 50 by 22 ram sizes and occasionally a larger 
‘•izc to cover serial sections IJoth slides and cover-glasses should boof a clear, white 
consistency, without bubbles or streaks and should not be cloudy or etched. The 
slides should be of uniform iiicdtum thickness with slightly l>cieled, clcan-cut 
edges, so that blood-films can be easily streaked acros-i the slide A fro'ted end on 


examined. 

2 Staining Dishes. —These dislic^ arc made in a xancty of sizei and .sliajiet 
The most satisfactory ouch haxc nbbed jiartitions and accommodate from 20 to 24 
ordinary slidcH placed back to back A staining mjI consisl-i of about a dozen such 
jars 

3 Ribbed rutet Funneli. —Thc.se fuiiucUarc for s|>rcial u^c with the liacniiann 
apfiaratus (see p 0(X)) Eight to twchc with a flange diameter of I.*) to 2.1 centuii- 
ctens arc rcquircnl for a set 

4. Viali, Bottles, M •• .*■ i • ' , i ’• ' • • • 

hom«) ami shell xiaN, - . ■ ' 

the tcmixirary and jior . 
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Stoll flasks and pipettes are available tor the Stoll egg-counting technic. The 
cinpliasis placed on this pha.se of the work will determine the amount of this stock 
to be provided. 

5. Serological Glassware.— For serological and immunological te&ts an adequate 
supply of Wassermann tubes, standardized pipettes and micropipettes is essential. 
Pyrex tubes of Wassermann size arc also more useful routinely than 15 ml. centrifuge 
tubes for carrying out the zinc sulfate centrifugal floatation technic. 

Cleaning of Glassware 


nei 

tio . . j ^ 

water and dried with a clean linen towel. Used or dirty glassware is ordinarily 
cleaned by being immersed in the following solution: 

Concentrated lIjSOi 6 parts 

KiCrjOj G parts 

Water 100 parts 

After soaking the articles in this solution, the laboratory assistant thoroughly rinses 
tlicm in water and dries them with a non-lmty clotli. 

Slides and cover-glasses require special care. They may either be cleaned in the 
above solution or m concentrated nitric acid, rinsed thoroughly m distilled water, 
tlien passed through absolute ethyl or methyl alcohol, and dried with a 6ne linen 
towel or mcce of old linen shcetine. It is frequently advisable to keep slides and 
covcr-gl; 
as they i 
glasses, 
fumes oi 

should r._. - , ... ... ^ 

Other Equipment 

Standard incubators are needed for culture work and a low-speed centrifugal 
nrpfiiroblv plpntnfnlhr ijrn'on nnd havini' arms to carry four or eight tubes, og 


streaking fecal smears 
It is essential to have soj 
ticulatc material in the stoo 
prefer copper or brass screci 

gauze of about 22 meshes jx,. * 1 ,.. enrface. 

at times employed to prevent vegetable debris from rising 0 

Chemicals ^ 

The helminthology laboratory should be provided with the ordin^y are 

other chemicals and, in addition, an adequate stock of s ms 
usually on the shelves of a well-equipped clinical labora ory. , . ,g is 
concentration of helminth eggs is ordmaiy coraraercial so For 

made up as a concentrated solution, filtered and kept in pp ^ g p jg y^ed 
the zinc sulfate centrifugal floatation technic, lintion having a specific 

to make up a 33 per cent solution, or more accurately staining 

gravity of 1.180. (Seo pp 594-595.) D’An?0“‘ “ j Helrointa i" 
larvae and is recommended for routine use for Protozoa 
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There should be large stock bottles of distilled water, piiysiological salt solution, 

citrated salt solution, ' 

cent fomialin (e. g., 4 . ^ 

Stoll egg counts, and s 

(15, 35, 50, 70, S5, 95 and 100 pet cent). 

For the employment of ether centnfugalization technics it is necessary to have 
the following reagents on hand. (1) concentrated acetic acid IT. S P and hydro- 
chloric acid U. S. P.; (2) sodium sulfate crj’stals in a tightly stoppered bottle, (3) 
the detergent Triton XE, and (4) sulfunc ether, citiier IT S ? or that employed 
in anesthesia. 
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THE COLLECTION, PREPARATION, AND PRESERVATION 
OF HELMINTHOLOGICAL iMATERIAL 


INTRODUCTION 


iiiE moht importiint point to be cmpluibizcti about hehniiithological 
speciinenjj is that, where\er possible, they slioiild be collected and studied 
in the livinj? state. No small pjirt of the Inamirneipti 
in the description of • . , 

preserved material. i ■ . • 

logical material, the clinic and the field. A laboratory which is divorc-cd 
from either of tliese two soiirecs of sui)ply is greatly handicapped. The 
clinic provides material from biiinaii sources; the field provides material 
f rom reservoir and iiitermetliate hosts, as well as from the human population. 


Frequently it is neither possible nor desirable for the nlivsirian nr the enidemiolo* 
gi'^t to for . ' ■ ly be 

required t< • of an 

organi.'-m, ■ • opti- 
mum resiil ^ II) 

The physician or field investigator must have an intelligent understanding of the 
problem, obtained by special studv of the Mibiect in .n bboffitorv ^^hPTP menical 


source of material, he must depend on accurate clinical and biological 
obtained at the time the material was collected. It noulcl almost bo , 
specimens be not collected and preserved than that tliey be poorly trea e 
accompanied by inadequate notes 


STUDY or FBB3H MATERUL 

This requires an i 
future development i 
whole. It may be tii . 

ticular type is afforded only once in a life-time or at 
rate, measured draw ings (preferably- Avitli the camera 
be made, so as to indicate tbe size, shape and racial 


most only infrequently Accu- 
,lnoidn),u.thfaIlnotes,.'lioulJ 
ton of tlie matensl, 


(see p. 577) of inicrofilanaj or larvm are frequently very significant in de 
the landmarks and in differentiating closely related species nether tlie mate- 
In all of these preliminary observations it is es'»‘"t*''l ff' reror 
rial was obtained from spontaneous cracuation, 
or V ithout anesthesia, or at necropsy; the numb 

condition, Mhetlieralne, moribund or dead, and, 

( 574 ) 
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or Cleans »i ^\hich Ihej' w ere found ; liken ise the pathological and clinical complica- 
tions which might be directly or indirectly attributed to the parasite Care must be 
taken, how ever, not to infer causal relationships of organisms to diseased conditions 
w Inch cannot be proved or w hich are veiy unhkely. If the helminth is known to be 
a parasite of other hosts, its percentage Incidence in such hosts, as well as m man, 
should be noted. Moreover, any phj’&ical, biological or economic conditions which 
might have a bearing on the establishment or perpetuation of the infection should 
be recorded. 

FIXATION OP MATERUL 

Fizinp agents aic those whicli terminate the life of a cell or aggregates of cctN 
Good fixatives preserve the structure as nearly as jxis^ible like it was m the Ining 
state For satisfactory use tlie protoplasm is fiist coagulated and then hardened in 
such a way that it will not only be as nearly iiorinal as jiossible but will resist further 
treatment with reagents required to prepare the material for examination 

It is convenient to consider this pliase of the subject under the follow ingoubtojiic-s 
(1) blood-films, (2) adult worms and larx-a;; (3) hclimnth’.s eggs, (4) jiathological 
tissues, and (5) intermediate and reserx'oir hosts. The methods utilized in each 
case areat least partly dependent on theusc which is to be made of the specimen, 

jioses 

Trtchtnclla larva; as 
gnen infection For 

, ..... ... , — -..jing of tlic film before 

staining U sufficient, For Giemsa technic, fixation in absolute methyl alcohol is a 
lirerequMto for making tliin-blood films, otlierxvi'< dclicmoglobimzatioii will occur 
If some time U to elapse before staining with either of these methods, fixation in 
ick-drop prqiaralions (Fig 284) and ordinary 
the film may first be air-driod, then dehemo- 


with equal thickness to a size of alraul I 5 cm. diameter, either in the center or on 
tlio end oiic-third of an absolutely dean slide, and then allowing it to become thor- 
oughly dry, eithe 
probably duty) . . 

hour to one hour, . .. .. . ... > 

film, and the slide air-dricd. Wasliing of the film is not recommended, since it 
freiiuently remox cs the differential characters of the stain Special fixation in a 
concentrated aqueous solution of mercuric chlondc is ad\i’«l for permanent 

■ . 'rt X . . . . ■ J m the hxiiig 

-lological .saline 
rapid prc'crxa- 
, the siwcimcii' 
It CHOU), the 

fixing fluid being {lourcd into the medium containing the wormx, which are mcaii- 
"hile kept constantly agitated to prexent contraction The material may Iw left 

washing in water, througli 
letter histological details a 
(saturated solution HgCI, 

*0 phjMological medium, to which a few droiia of glacial acetic acid haxe liwn 
addtsl) is used. After ten to twentv-four hours the si>ecimciis arc carefully hut 
thoroughly washc'd, aiul transferrnl hy degrees to 70 jkt cent alcohol, at w Inch tune 
alcohobc-iiHlnic-solution siiouhl Iw mhletl dmp by dmj> to mmixe the rciwauwug 



578 


I/ELMIXTllOLOGICAL MATERIAL 


microfiliiruc in the peripheral blood are abundant 
thm films may be used: if they are scarce, thick drops should be prepared, as in- 
feted above. Wright s or Leishman’s stains are usually less satisfactory than 
Giemsa s In carrying out the latter technic, dilute the stock solution I minim to 
1 cc. of distilled water and place the slides in the dilute stain for one-half hour or 
more until tlie dc&ired 


TaTe\y ovetblainh ) T 
cells, is stained azure, 

the “sheath,” if present, is tinted a delicate pink. * i -j - 

For more distinct staining of the “sheath" heniato.tylin dyes should be used. 
Fiilleborn recommends Bohmer’s hematoxylin for this purpose. ((Solutions: (A) 
1 Gm. hematoxylin crystals and 12 cc.absolute alcohol; (B) alum 1 Gm.and distilled 
\\ater 240 cc. Add 2 or 3 drops of (A) to watch-glassful of (B)]. Dry dehenioglobin- 
ized smears are covered with the solution, heated until slightly steaming, rinsed off 
with distilled water, differentiated with acid alcohol (2 per cent HCl in 70 per cent 
alcohol), luiscd in dilute ammonia water (l to 10,000), rapidly run up through the 
alcohols, cleared In .xylol and mounted in eupara/, clarite, damar or Canada balsam. 

In delicate blood-film work difficulty is fre<iuently experienced because of the 
variable pH of the distilled water. Under such circumstances it is desirable to 
substitute a buffer solution for the distilled water. The author has found the follow- 
ing buffer solution distinctly valuable for overcoming this difficulty with blood- 
films' (1) puro recrystallized acid potassium phosphate, 13.26 Gm.;(2) anhydrous 
dibasic sodium phosphatci Gm.; (3) distilled water 2 liters. 

For better preservation, to prevent dust accumulating on the film and for exam- 
ination with oibinimcrsioii lenses the film should be covered with a neutral medium 


and other workers have successfully utilized dilute solutions of neutral red and 
cresyl blue in working with free-swimming treroatode miracidia. A similar teebme 
can be applied to the study of the free-swimming ciliated hexacaiitli embryo of 
pseudophyllidcan ccstodes. r 


hand, some specimens are too large or too bulky to prepare in this way. The s ro i 
of the smaller cestodcs, sue 
may be mounted as a xvhole, 

tids from typical regions for — ---- i-tc 

be handled in both w ays. Gordiacea and Acanthocephala are difficult to m J 
and should oi 
I. In Tolo : ‘ 


hematoxylin c 

tion is relativu.j Migiii.. it ^ geueiAi .=*«—• . ..l or^anii of 

most satisfactory for larger objects and particularly for tl e g liigcreut 

helminths, which are stained with different degrees ,tain^ 

siiadcs. Grenadier’s alum-carmine and Mayer s carmalum [‘‘J... ^ j,iution 

that perhaps yield most uniform result- Tl- solutions are used witliom , 
and the preparations are aftcnxards w 
overstained, weak acid may be used to 
reaction if it is desired to employ the i 
Delaficld’s and most other hematov 
with 10 part.s of water before using, since tliey arc %ery «" 
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The length of time required for jn toto objects varies with the bize of the object and 
M ith the dilution of the ripened stain. In any ent it is usually desirable to o\ er- 
stain and then to destain with 0 5 per cent HCI in 70 per cent alcohol, until the excess 
has been removed and the material is a rather light reddish mahogany It should 
then be thoroughly washed in distilled water and transferred to a weakly alkaline 
medium. The most delicate differentiation with the development of x'anous laven- 
der and violet hues can be obtained by using a 1 per cent lithium carbonate m 
distilled water Ehrlich’s acid hematoxylin, which is less likely to over^-tain, is 
preferred by some stain technologists for m loto preparations On the whole, the 
author has had more success with Bullard's hematoxylin, which is prepared as 
follow's 

1 Fifty per cent alcohol, 144 cc ; glacial acetic acid, 16 cc ; hematoxylin co's-fals, 
8 Gm. 

2 Heat the above solution and add distilled water, 250 cc ; ammonium alum, 
20 Gm 

.3 Heat to boiling and add red mercuric oxide, 8 Gm 

4 Cool quickl}', filter and add 95 per cent alcohol, 275 cc ; glycerin, .330 cc , 
glacial acetic acid, 18 cc , arnmomum .alum, 40 Gm 

, 1 . Keep about one week in bright sunlight to npen and filter again before using 

The specimens which have once been properly stained, differentially destamed 
and then neutralized, should be jiassed rather slowly through successive grades of 
alcohol (35, 50, 70, 85, 95 and 100 i>er cent), cleared and transferred to a mounting 
medium 'The length of time required in the alcohols depends in part on the fixa^ 
tioii, in part on the size of the specimen, and in part on the permeability of its 
integument No arbitrary rule can be followed on (his point; the student must test 
out each group of specimens with respect to its special needs. In general, however, 
nematodes sliould be handled very slowly, since their integument, no matter how 
thin, 18 easily shrunken by rapid dchjdration. 

C/anJicalion of dehydrated objects may be effected by the uac of xylol, cellar or 
clove oil, or methyl salicylate. The Ia.st named is frequently the one of choice for 
in Ivlo preparations, since it lias a high refractive index, renders objects least brittle 
and shows least cmulMoii when moisture is accidentally included. On the other 
hand, carbol-xylol is slightly better for the rapid penetration through hardened and 
less jicrmcahlc tissues The mounting medium should be neutral Canada balsam 
and damar di.vsolvcd m xjdol frequently require neutralization Tins may bo 
accuinjilishcd by placing a few small cliqis of pure marble (CaCOt) in the stock 
bottle niid letting the reaction take place over a jicriod of months Claritc has a 
neutral reaction and is jicrhaj^ the mo'-t practical jicrmanent mounting medium 

II. Sections — For sectioning of helminth parasites, the worms may first be 
stained vmUi bemaloxylm before imbedding, m order that the objects may easily be 
scon Imbedding and soctioniiig tpchnica for helminths do not differ essentially 
from tIio>.c for other zoological or |>athological j-jieciiacns They require dehydra- 
tion through siiccc.ssivc grades of alcohol, clearing in xjlol and gradual transfer to 
hard jiarailin, or the transfer through ether-alcohol into cclloidin I’arafiln sections 
are entirely satisfactory for most 
sliellcil eggs the cclloidin tcchnic i* 


for if suificicnt material is available. 
, • , l>c cut 8 to 10 p in thickness. Tlie 

nbiKins of jurainn coining from the cutting block, after being smoothes! out by 
fhmting on warm water, arc fixcil to the slide in series (the shde having first been 
covered with a very thin film of rgg-.albutuin fixative), dried, and the jiaraflin dis. 
ssilved 111 \vlol; or if the sections an* celloidm, they are jil.aied in senes on the slide 
fixisl to the shile by a thin filni of rollodioii, and Itardeued. 
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Tlic htairiin^ of the slides fullows the hematox>’Un-eosin technic. At times, 
however, it is dchirahle Ui counterbtain larval trematocles {e. g , miracidia or cercaria) 
with ammoniurn-cannine after the method of Best for glycogen, in order to study 
the hpecillc reaction of fcccreUjry glands. For such technic, material fixed in mercune 
chloride, alcohol or formalin w auitable, since the secretory granules of these glands 
arc not dissolved os is glycogen by a fixing agent containing water. Except m \eiy 
delicate cytological work, iron-alum hematoxylin staining of sections of helminths 
is neither necessary nor advisable. 

Hoat Tissues Containing Helminths.— Tlie material is treated similarly to 
that employed for section • 
sectioned in part nr in wl 
grains in the intestine of ' ‘ , 

satisfactory sections. Calcareous granules and concretions may be removed by 
previously immersing the tissue in a weak solution (0.5 per cent) of hydroemone 
acid for wjme days, thoroughly washing and neutralizing. 



CHAITEU XXXIV 


THE IDENTIFICATION AND DIFFERENTIAL DIAGNOSIS 
OF HELMINTH PARASITES, THEIR 
EGGS AND LARV^ 

INTRODUCTION 

Tiif: equipment for the diagnosis of helmmtlis and tlm mctho<ls of 
preparation of material for study, which have been described respecti\el.\ 
in Chapters XXXII and XXXIII of this section, are directed primuril> 
towards one end, namely, the identiheation of helminth parasites and their 
eggs, in order that definite diagnoses may be made. ^lost of the informa- 
tion w ith regard to the adult worms, their eggs and the various larval stages 
in their life cycles has been pro\ided in detail in Sections II to VI of this 
book, so that careful study of these chapters will in most cases furnish 
adequate data for diagnostic purposes. It seems appropriate, however, 
to bring togetiier in one place information of specific diagnostic value, in 
order that it may be more useful to the laboratory worker. For this 
purtvose, methods of procedure in examining human excreta and body fluids 
h)r Iiehnmth eggs and larva* are presented. 

1. EXAMINATION OF HUMAN EXCRETA AND B0D7 FLUIDS FOR 
HELMINTH EGGS AND LAR7.£ 

(For necessary equipment see Ch.jpter XXXII.) 

Diagnostic Procedures (or the Recover; of Helmmths, their Eggs and Larrse, 
m Human Excreta.— For convenience this topic is divided into three subtopics, 
each (Ic.'iling vvitli one of the tiircc common types of human excreta, the urine, 
*-putum and fcccs 

Unne.— In heavy infcctionii either iSrAKtosor/ia hx7naU>bium or Dioclophyma cpKS 
can be readily recovered from the muco-iHinilcnt 'cltling'i after tlie uniie has been 
allowed to stand for a few moments in a urinalysis glass. A small iiortiun of the 
sodiinciit is taken up m a capillary pqicttc, placed on a fecal slide and cvaniinod 
under a cover-glass with low jwwcr of the micto-coiie. If the mfcclum is light, a 
repre'entativc s|>ecinicn should l>c centnfugaUzed at 1500 revolutions i>cr minute 
and Mime of tlic rediment c\.ainincd. MicroGlanx of iVudwrerio i^ncroJU in 
chyloti* urine, or larv'n; or adult rltabditoid ucmatodcs which arc accidental rc.'.idcnts 
of the iirino-gcnital tract, as well os Protozoa, if present, may be recovered from the 
urine iiy simiiar mciiiods of concentration. Helminths or eggs {>a.'..-<d in urine may 
l)c |)crmancntly jirc.'erv cd by the methods dcscnlicd in Ciiaptcr XXXIII. 

Sputum.— In ix'iticntssn*'|>ectcd of having helminthic infections of the ^e^pi^ator>' 
the mouliv vs first thoroughly ringed with hydrogen jwroxidc solution and 
the t'putum then iw-s-ed into a sputum-jar. A small {lortion is traii'Ierrcd to a slide 
by of .1 tooth-pick or siiecimcn applicator monnfr,! with i rn\r.>- ..tn.,, ... i 
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I ^.jv/uiu uc employed, (p. 590) 

It should be remembered that fecal smears muht be tlihi enough to view clearly 
all of the objects under the cover-glass. Only experience ndl provide facility in 
determining uhich types of spccimctis must he streaked thin and uiuch ones way 
be streaked someuhat thicker. 

(a) Evacuated Mature iroma or Portions of irorwis. — Entire Iiclminths (.Isranj, 

. 'obius, etc.) arc at times evacuated in feces and may 
■ ar anatomical characters. In patients infected with 

■ - V -• ■ ou«»«»/n, gravid progloltidsarealmostmvariably passed in feces 

or crawl out the anus. They not only occur at times n hen tlie feces are negatne for 
eggs but also constitute the sole method of specific differentiation of these tuo 
Tamos before tliorapeusia has been instituted. The unjircscrved, moist proglottids 
are flattened between two broad slides (37 by 75 mm.) and are examined with a 
hand lens to determine the number of main lateral uterine arms on each side of the 
jinmary uterine stem (Tide Fig. 133 f 
ib).. 

-AUl - . - . 

mg the anal region for detecting Entcr^tus tcrmiculans infections, Heller (1870) 
apparently first recommended the use of an anal scraper or swab to obtain mafenaJ 
for microscopical examination for Entcrobius eggs. Since Heller’s day spatulas, 
curettes, glass tubes and rod- ■' • » > ' ’ . ’ 

obtain feces and mucus from 

devised a much more convenk . _ 

yields The applicator, known as the ATI! cellophane anal swab, consists of ajiaw 
rod tipped with cellophane held in place with a rubber band, and is emplojed 
swab the perianal area of the patient. The cclbphanc witli adhering materia 
removed from the rod, is flattened between two glass slides and e.xaDuncd for egg^ 


the deposit examined under a microscope. 


The pestle is easily cleaned in 


preferred technic in obtaining eggs of T^nio sofjMJn. or Uff 

(c) Diagnostic Procedures for the Rccovcnj of Hch tcclwic dc- 

iroM Blood and Lymph — Tliick blood-films may ho prejiarcd by 
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scribed m Cliapter XXXIII, or fiesh blood may be dcfibiinated by a igorous sliak- 
ing, then dehemoglobinized and centrifugalued Nematode larvae, if present, \\ill 
be found in the bottom layer and can be draun off %\ith a pipette Tnchinella 
larviE and microfilanse, even wlien present in small minibeis, may be reco\ored from 
these fluids by this technic 

2 IDENTIFICATION OF ADULT WORMS AND LARViE IN ADVANCED 
STAGES OF DEVELOPMENT 

Adult helminths are most commonly found m the intestinal tract, although a 
considerable number of species are found mother localities, such as the biliary pass- 
ages, lungs, portal circulation, lympliatics and subcutaneous tissues Occasionally 
these worms are expelled spontaneously, but the larger number is reco\ered after 

lecropsy In the majority of 
“eggs of the parasite passed in 

For the diagnosis of adult helminths the detailed descriptions provided for each 
species in Section II to VI of this book should be consulted 

3. IDENTIFICATION OF EGGS AND LARV^ DEVELOPING IN EGG 
MEMBRANES, DERn^ED FROM ADULT WORMS IN HUMAN 
INFECTIONS 

The majority of helminth eggs aie evacuated m the jiatieiit’s feces A few are 
recovered from urine and sputum "Enshealhed” microfilaria; (c. g , enveloped m 
an elongated egg membrane provided by the parent worm) are found m blood, 
lymph and berous evudates Eggs of a few species arc Iiatclied m the uterus of the 
parent worm A few are hatched at the time of e^-laymg The largest number, 
however, is oviposited in tlie unhalchcd condition Some of thevo contain fnWy 
embryonated larva; whicli are callable of batching as soon as the egg comes into a 
favorable environment. Others require a period of several days to boveral weeks 
before the enclosed embryos become mature and are ready to escape from eggshell 
The acconipaii.ving figures (Fig. 285 .1-Z)vvill serve ns an aid in the 
iilentification of all but the rarer (i c , incidental) species of helminth epg‘> 
recovered from the feces, urine or sputum. 

4 DIAGNOSTIC KEY FOR THE IDENTIFICATION OF THE MORE 
COMMON HELMINTH EGGS AND LARV^ 

1 09,24) E^.G^ 7 

2 (14). Protidcd ii'ith an o})eTculum 3 

3 (9). Unevibryonaied 4 

1 (.)). In.ipulum. Urondly ovoidal, darkgolden-hniwii, imKler.ifelv* 

tliick-shelleil. with ri-l.itivclv Hat but distinct operculum 
and thickened abojwrtiilar eml; SO-1 18 X 48 — (lO ^ 
Paraganimus ircxteriiiaiii (Fig 28.), V). 

5 (4) Inficci •’ 

<> (7. 8). I.;irge. heirs-egg-sb.iixxl.lightjcllovvi'.liorgrcciii'.h-hrown. 

vv itli rehitiv civ thin shell and small, indi-.tiiicl operculum 
i. Siiv: oVlfitt Xt»-00p 

Fa-ictoh liejMilicft and Ftucioloiuu bimki (hig 28.), /') 

(I Size* Jvt-l H» X ob-WI p 

Kchituidoma {bicanutu (I'ig 8^1. 1. p 191). 
m. .^be; l:.>l)-i;«) X 80-{W)i 

ErhinonUnmi uiahn/tiiiiiiii (p 192). 
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7 ( 0 , 8). Long, niyrowlyovoiclal to elliptical, witli a iioall, distinctly 

doaied operculum; size: I50-I70 X 00-70 g , 

_ Gastrudismiiles Imminis (Rg.' 285, H'). 

8 (0, (). i. ilroadly barrcl-sliiipcil, relatively thick-shelled, with a 

orojid, sliglitly dntned opt-rculum; size; ea. 70 X 45 

Diphylhbothrium luimn (Fig. 285, J/). 
li. Narrowiy Wrel-sbaped, relatively tliick-shelJefl. with a 
narrow, distinctly doiiicHi operculum; size: ca. 60X 35 ft 
DiphyllobothrUnn houghtoni, D. mansoni, D. 
erinacei, 1). decipiens, etc. (Fig. 285, N). 
Likewise Paragoniinus ivesterinani eggs in sputum may 
swallowed and passe<l in the feces. See “4” above. 

9 (3). Fully embryonated 10 

10 (11). i\Iediuni-size<i (^18-45 X 22-30 m)» with a thick, dark-brown 

sliell, lia\ iiig a distinctly domed operculum 

Dicrucalium dcndritlcuin (Fig. 285, Q). 


Lkoend for Fio. 2S5. 

Flo. 385. — Oiagnoatic clmrt of the characteristic eggs and larvte of the more common 
helminths parasitizins man. A Ascum lumbncotJct, unsegmented fertile egg. UbualJy aith 
bilc-staincd outer shell, passed m feces, B A. lumlna>id{$, infertile egg. usually «ith bile* 
stained outer sliell, passed in fecea, C EiUtrobiut termttu!an$ (Ozi/uri* rfmicv/oru.pinnorm 
or seatMorm), with completely developed larva, passed m feces or more usually deposited by 


worm”). With completely developed first-stage (rhabditoid) larva, passed m constipated stool 
or dev'cloped in feces that have stood twenty-four to forty-eight hours in the laborstoryi F A. 
duodenaie ("Old World hookworm") or A', amcrtcanus ("American hookworm’’), anterior 
extremity of hatched rhabditoid larva, showing long, narrow, buccal cavity (contrast with 
anterior end of 0), O Strornnloide$ $lereoralt», rhabditoid larvo passed in feces, showing very 
short buccal cavity (contrast with F). H Tricheglrongylus, charactcrtetie morula-stage egg 
passed m feces, 1 Trtchocephalut tnchiuru$ {TruJturu tnchiura or whipworm), with un«g- 
mented embryo, usually with bilc-staincd outer shell, passed m feces; J T^nia aaginota ( e 
tapeworm; or T. aohum (pork tapeworm), with fully embryonated oncosphere, wit ar 
brown outer shell, passed in feces; K WgmenofepM nana (dwarf tapeworm), with fully em 
nated oncosphere, passed in feces, L Hymendepu diminvla (rat tapeworm), wit 


coiitfannig several fully embryonated oncospheres, as passed in feces or 
disintegrating gravid proglottid, P Fa*ciclop*x* bustv (large intestinal nu e> _ , 

hepaHca (sheep liver fluke), unembryonated, as pas 
and/or biliary drainage, Q Dtcrocahum dendnticum, 

fecos or obtained by duodenal or biliary drainage; E 4.. - . : - - . ^ passed 

zniracidium, passed in feces. S ^^rtagonlmu$ yokogauai, with developc obtained by 

in feces, T Opi$lhorchi» /ehneu$, with developed miracidiuni, passed m developed 

duodenal or biliary drainage; U ClonortAx* (Chinese bver “ ® ' p„^Q(,nmut 

- • • r biliary drainage, » , 


nfilfxnAH Kir rliindepnl 


feces, Z ScAisfosomo japonicum (Oriental Moodftike), VFithdevcloped EOiracidiu 

R, S, T, and U, X 666, all other figures, X 333. (Original-) 
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-a. nEunxT,, ,-An.mrEs. rnmi eoge .i.vo eauv.e 
(1^)- iV/nute eecs 
J2 (13). With enclosed 

lytic glands. - “‘v arranged 

i- Size: ca. 30X11 ju.. 

Size: 37.3-35.1 X (Ffe- T). 

" "tss; --'-'SsssS* 5 

i. Size: 28-30 X 15-17/,.. 

«. Size; 20.5-28 X wT-'/t'™ 

n P). Zee&ff „„ epem,/«, 2"'V»ee- (1%. 285, «. _ 

13 no, 17 , IS), *■’ 

medmm-sized x 20-30 ,,); „,irrowlv ovof 

dal, relative)}^ thiok-sheJJe,!, Oatfened on one eide 

16 115 17 iB\ i- II . wmioiife™ (I'ie. 285, O. 

do. 17. 18). 

light j-elloivish-brown shell In, vino a sniiie 
'• ■ • ■ I 


17 (15, 10, 


ii, ; 

spine; size: 11-1-175 X -IS-^S m 

... Sciiffosoma niansoni (Fig. 283, l). 

Broadly' ovoidal, with an inconspicuous, sinafi, 
hoohed spine; size: 70-100 X 50-05 u 
SchUtosoiiia japoiiictim (Fig. HBo, X). 
o). fvlli/ einhryonaicd, containing a non-cUiated ewbrgit 
(oncosphere) po5,sesshig 3 pairs of booklets. 
i- 1^7fh a thick, brown, r.idially-channellod, 
outer she//; subspherical; size: 31 to -13 m 
in diameter . ... 

peniaeagina/aaml 2xniaso/ium(Fig.2S5,J). 
ti. Wit/i a thin, h^'a/inc, outer shell; polar thick- 
enings witli /ilaments on injier shell; spberi- 
cal to subspherical; size: 30-47 m in 
diameter //y/neno/epie na/ia (Fig. ’.iSo, A’)- 
ill. With a moderately thin, light ^ellou ish-brt)wii, 
outer she//; po/ar thickenings without fi'ia- 
uieiits on inner shell; sub?phcriciil; »«ze: 
60-79 X 72-8(» m 


ir. wi 


enciosed in a mother embryonic nu-mbraiie 
Dipylidium canimnn (Fig- SS-). 0). 
IS (15, IG, 17). Cneinbryonated or incomjdetely embryonated. 
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i Shell iiammly barrd-shaped, d.irk brown, 
with a plug-like, semi-opaque, whitish swell- 
ing at each end, size: 50-54 X 22-23 p 
Tnchocephalus trichiurus (synonym; Tn- 
churis irichiura) (Fig. 285, /) 
ii. Shell usually provided with an outer, maminil- 
l<ated, albuminoid co\er, characteristically 
bile-stained, with thick, hyaline, outer shell, 
fertile eggs broadly o\oidiil, size: 4,5-75 X 
35-50 n', infertile eggs irregularly elongated- 
ox oidal; size 88-93 5 X 38 5 — 44 

Ascqtis lumbrieoides (Fig. 285, -1. li) 
in. Shell thin, hyaline, elongated-oxoidal, with 
narrowly rounded ends; typically with 
morula-stage embryo, size. 73-80 X 
40~10 M TnchoslrongyUm coluhnjoTmts 
or 7 probobitiis, 84-0t> X 40-50 fi 
T. rilnnus; 75-91 X 39-47 y 

T- orienialis (Fig. 285, //). 
tr. Shell thin, hyaline, oxoidal, with bluntly 
rounded ends, size: ca. 00 X 40 fi 
Ancylosloma duodcnulc or .1. brazihcnae, 
(U-70 X 30-10 M *Vfentc>r nmenctmua 
(Fig. 285, D. B)-, 50-58 X 30-.34 a 
parasitic generation of Strongyhulcs aler- 
coraha (rarely found unhatched in feces). 

19 (1,24). L^nv.E 2H 

20 (21, 22, 23) Jloderately short, with muscular esopliagus. 


(Fig 285. 0) 

ii. Ksoptiagus luaviiig only .i posterior bulbar 
swelling: pre-esophagcal chamber long an<l 
inirrow 

.Uicyhfstouia or .Ymdor (rhabditoid l.vr\ .;) 

(Fig 285. f) 

iti. Ksophagus hax itig both u tiuHli.xn and a poster- 
ior bulbar swelling 

5Io«,t Species of HhnhdiUs 
(Fig 20.1 D. p :i8!l). 

21 (20,22,2.3). With long, attemiate. caudal extension and with 
muscular esojilugiis 

I. Esophagus ha\ iiig Imth u median and .i poster- 
ior bulbar distention 

Some sjHtics of llhaUhUa 
II. ENUphagii'i linxiiig only u slight posterior bul- 
bar sxxclliiig: with distinctly striated cuticvilix 
and a pair of minute pcK-kets on either .si<le of 
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the anus; size: 500-750 X 15-25 /x 

Bracxincuhis medinensis 
(discharged by mother worm 
from cutaneous lesion into 

90 (9n 91 oo^ VI * 280/1). 

(20, 21, 23). Elongate, narrow, with long, narrow, muscular 
csopJiagus. 

i« Wth minute forking at caudal extremity. . . . 

Slrongyloides stercoralis (filariform 
larva). (Fig. 207ii). 
ii. With sharply pointed caudal extremity. . . . 

Ayicylodoma or Necator (filariform 
larva). (Fig. 222). 

23 (20, 21, 22). I'.'loiigate, narrow, characteristically coiled, with non- 

inuscular esophagus 

TnchiJiclla spiralis (rarely recovered 
in feces or blood). (Fig. 195(7)* 

24 (1, 19). i\IicnoFj;-Aiir.K , ... 25 

25 (26), Prodded u'ilk a sheath. 

i. Without nuclei m tip of tail; in circulating blood, in 
most endemic areas c.\liibiting strict nocturnal 
periodicity; size: 244-296 X 8 /i . . 

Microfilaria bancrofti (Fig. 2C0). 
ii. With two distinct nuclei at tip of tail; in circulating 
blood, e.xhibiting partial nocturnal periodicity; size; 
177-230 X 3.4-3.8 p . • . 2 

Microfilaria malayi (Fig. 270). 
in. With nuclei extending into tip of tail; in circulating 
blood, exhibiting partial diurnal periodicity; size: 
250-300 X 6-8.5 p Microfilaria loa (Fig 278). 

26 (25). Without a sheath. 

i. With nuclei extending into tip of tail; in circulating 
blood, exhibiting slight nocturnal periodicity; size: 


periodic; size: 205-208 X 5 /x 

Microfilaria ozzardi (tig- 2/6o). 
in. Without nuclei in tip of tail; migrating in 

subcutaneous tissues, rarely in blood, size: - 
368 X 0-9 p and 150-287 X 5-7 ^ 

Microfilaria rolintlvs (big. 

5. FECAL CONTAMIKATORS, ARTEFACTS, AND 

LIABLE TO BE CONFUSED WITH PARASITIC HELMINTH 
AND THEIR EGGS 


of these are contaminators or artefacts. A consiueioi 
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others are animal cells; still others are artefacts pure and simple. Mucus casts 
formed in the respiratory, urinary and intestinal tracts may more or less resemble 
adult helminths, but inspection, even with a good hand lens, will prove that they 
are not genuine oiganisms. The long fibers of many semi-woody plants and such 
fruits as the banana, when digested out of their tissue-matriv, may also be at first 
mistaken for nematodes, but evammation with low power of the microscope will 
sen e to dispel this first impression. 



FicJ ivO. — FocjJ conUmiatton. vtefsrta >04 tarotoioaii cinU human liable to l>e 
coufuM^ with (>ara'tiiir helminth rez* Iiolleu crams, U, (uncus and )ra*t s|>orn<, 
ilialoins. D, stoiie e<-ll o( fruits surh os thr {M-or, £. t>arrnei,}nu(uus erlUof \< cpUbleM nurh 
the Cumiibilaecje. t\ storrli ciains. (», jisttly tlicrsK^I imitrm |iartirlrs, //. ni>'xu'|>uritliaii 
and mieni-'rioluttan r>>U incestod in tutra'-itiaiO aiulual tiMUe. /. OXs of iiile,.|inal inutosoa 
J. ox-eiduk rjslii. A*. e>»l, L. ess* i>n»al<»d« an-identally merstM. U. eg* of 

mite, V. oil glolniles. X ifl’Ortljr of>»nal. |«tljr cowj.ile-l from larwus Boutw™ ) 
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tiatc tliL’in. 'Ilic innjorjty of Midi cells nre rcfernblc to jK)llcn j;rainii (Fit;. 280.1) 
fuiiKUH or yca.st i-porcs (Fit?. 2StiU), diatoms (Fij;, 28GC), htone cells of fruch plants 
JiK pears (I'ig. 2Si)D), or parcndiymatotiH cells of hucculcnt ))latits hitch as melons 
(!' it;. 2SG/i). Pollen t;rains may Imj hiihcrical, ovoidul, tctralicdral or elongate, and 
may he covcrwl w ith a wmwth or hciilpttircd epidermis. They arc of a constant size 
for each hpecie.s. Internally they arc readily dihlinguislieil from hclmintii eggs. 
I'tmgiis hjiores tind yca.st cells are UMtally Mnnller than helminth eggs; they may 1* 
ovotdal or htihsphorical and in MmicrascK nwy have a i>ti()c>attacliriicnt at one end. 

I hey are constant in hize, hiit arc usually easy to dilTercntiatc from helminth eggs. 


are irregularly ovoidal, ixdygonal or elongate, iticonstaiit in .‘>izc, and slightly 
w rmkksl MUierfictally. Internally they arc usually devoid of structure, although a 
ctucleus may at times Ijo found. I'urthennorc, starch grains, intact or jiartially 
dige.slod (Fig 2S»>/'’), may at limes I)e confu^Hl ujth helminth eggs hut may be 
roaddy differenliatod, stnee they are miIuI structures consisting of lamina; laid dowTi 
around an acentric core. I.ikcvv I'C particlen of [irotcin (Fig. 2St)(7), the contours of 


silcfi, The only incinher« of the fonucr gnmp (Fig. 280 U and J, lower ‘“i'® 

far observed arc micro-poridi . .. ” ' inrestrd i 

parasitized fish flesh. Thcejs* 

in sha|K*, much smaller than * . . 

which serve to ditTerontiatc tl i . . 

.s()licrical (20 to 4.1 m In diameter) and contain four characteristic mtemau'^ 
forming bodies. T’’*' ‘h*' •'..sridiaii in tlie human intestine ( ^ 

Aoimm/i) is irregi . • . ' • • 

by 12..I to 10 *<, . : • 

HnhiUi<liniiicoh, . : . 

cal, measure about .">0 to 00 n, nud coiit.am the cncjsfcil pnitozoan, jIjp 

rentform inacroiuicleus and a ilistiuct c>tostomc. In addition to ic 
plant ncinatoilc, IldcroJcra manont, winch have been obscrvcu in ^ ^,f 

several investigatora, the pre.sriit author has found in human ecca 
Phr/saloptcra, CapiUaria hcpaltca, Dicroculittvi tlaidnhcum, an ? tissues 

which were not derived from human mfcctioiis but fnini ingcs c 
infected witli the iiarciit worms. 

Again, eggs of mites (Fig 280.1/) wine 

n)nfii(.o<l\.itlicsi!-iijflielmmlli». Siicli ■„„,1 nitlirr contain”"”- 

ends, aiou' 
gciums sen 

Finally, .. . , , , 

to be eliminated from consideration as objects whicii mign*' 
helminth eggs. ativB 

(i, METHODS FOE THE QUALITATIVE 

DIAGNOSIS OF HELMINTH EGGS AND L 

'riie tlircci fecal Jiliii should always be nuwh* ‘‘'YaIw.' bitestiiiiil tract ‘»s 
of sii-spected jirotozoaii and liclmiiithie infections o parasite 

well as in infections of other organs and tissues ir 
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objects escape into the lumen of the bowel and are evacuated in the feces. 
In heavy infections this technic will sen'e to discover the parasite. More- 
over, flecks of blooil and mucus in the stool should be examined, since they 
yield at times a nest of dlagnosable objects. If quantitative studies are 
contemplated the Stoll technic {ride infra) and the Beaver technic {ride 
infra) may be employed. 

Concentration technics are designed to remo\e a considerable amount of 
the fecal detritus without a comparable amount of parasite objects, so that 
the residuum contains several times as many parasites per unit volume of 
material as were present in the unprocessed stool. The efficiency of a 
particular concentration technic dc|)cnds on (a) the ratio of loss of non- 
par.isite material to parasites, (b) the simplicity of the operation, (c) the 
time consumed and (d) the diagnosability of the parasite objects obtained 
in the concentrate. 

A. Eggs in Feces. — ^Tlie concentration of helminth eggs by various methods has 
a two-fold purpose, (1) the detection of eggs in light infections where ordinarj* fecal 
•Kincars arc iiegati\c, and (2) the savmg of time in diagnosis due to the yield of a 
larger number of eggs per microsco]>ic field. In addition, the more refined technics 


Ago and undigested food; (4) ccntnfugalisation; (o) floatation, (6) centrifugal 
floatation, and (7) ether concentration tcehnics. Thc.se will be taken up ad scriofi'm 
and their set oral merits and sliortcomings considered. 


rfjjAa/as, Tsnia and Ilymcnolepis eggs the mcth<^ gives excellent results. Cfonor- 


2 Sedimentabon.— Ten to 100 Gm. of the fccal ■•iiccimcn tyti thoroughly com- 
minuted in ten to twenty limes their volume of tap water and then allowed to settle 
out After an hour or two the top two-Uuids with the floating d6bn3 is cillicr carc- 
fiilly {K)urcd ofLor Mphoiicd olT, water is added to near the top of the container and 
the fecal materia] thoroughly mixed with it. This procedure i-s re|)catcd several 
tiim-i, until the su|)criiatant fluid is relatively clear. After a final removal of water 


helminth eggs iiaxsod in feces as it protluccs no distortion of the eggs. It is CNjic- 
rially reeommcmieil f<ir recover)’ of llie eggs «f Srhittotoma jajtom'cutn (FaU't and 
Meleiicy, 1924; .\ndrcws, 193.’i) and S. mantoni (Faust and Hoffman, 1934) Tlie 
»inly KTious drawltark to its routine u*« is the lime consuiiKsl. Furthennore, it U 
not <le]M-nilAl>le for i|uantitativestudi(‘s. 

lau-t, Ingalls ami See (194(>) ronfiniird for SehittMioiuii jni>oiiicum the e.arhrr 
oh't-rAations of Fau't and Hoff man (1 c), tl«t 0 .3 jier cent gl)crnne addcsl to t.sp 
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water causes increased “netting” and more rapid sedimentation, minimizes the 
number of eggs decanted and provides a yield up to about 25-foId tliat of the un- 
processed stool. It is desirable to strain out the larger detritus in the stool through 
surgical gauze having about' 22 meshes to the linear inch, using four thicknesses 
which have been previously soaked in water and the excess of water squeezed out. 
The gauze is tlien stretched loosely over a funnel of appropriate size and the emulsi- 
fied feces j^oured through Into the sedimentation glass. Very few eggs are trapped 
m the gauze unles.s there is a considerable amount of mucus in the stool. After one 
hour the first decantation is made, forty-five minute.s later a second, and thirty 
minutes later a third and last one. Measured amounts of the sediment in the bot- 
tom arc then removed to a microscopic slide and mounted with a 40x22 mm coter- 
glass. Eggs of all type.s in the stool without loss of viability due to the technic are 
present in unusually high concentrates in the sediment. It is probably the most 
practical method for obtaining immature, fully mature and degenerate eggs of 
Schistosoma japonicum and 5. mansoni for diagnosis in (he same proportion in which 
they occur in the stool. 

Jahnea and Hodges (1947) claim that 10 j)cr cent ethyl alcohol m water (sp. gr. 
0.980), is two-fold suiierior to 0.5 per cent glycerinated water for recover?’ of 
Schistosoma eggs, that the eggs obtained are not damaged and later hatch. 

3. Straining Out Coarse Roughage and Undigested Food. — This is effected ^ 
Using a bolting cloth of o mc.shes to the millimeter orbronze wire screen of 30 to 120 
meshes per linear inch It eliminates the bulky particles and in so doing 
trates the egg-containing fecal elements. Cobb (1D04) used this technic for the 
recovery of Fasciola hcpatica eggs in sheeji feces The process is relativ 
requires considerable care m cleaning in order to wash out eggs that might bccom 
lodged in the meshes of the finer sieves. 

A metal basket with a fine-nieslied wire sieve is very useful in scarclung tor s 


meshes to the linear inch, 
in centrifuge tubes and sj 

tant liquid is poured off, .. T},p pses 

repeated two or more times until the supernatant fluid is clear. 
larvffi, wliicli are all heavier tlian the ordinary fecal elements, - concea- 

bottom of the tube, so that the examiner is permitted to obtain . gnd 
tration in the sediment. It is quite eflicient for hookworm an 
very lielpful in the*reco'ery of small numbers of operculate ^ 

eggs and Stronguloides larva;. This technic was used by 1 « in 

extensively utilized by Howard (1915, 1919) in hookworm 4 , gg t|uin was 
Guiana Lane states (1928) that its effective concentration is muen 


seuimeuwnuu uut iuu*e •♦•kjvi. .o-r.,. Frlenmcyer 

are shaken up thoroughly for one to two minutes in a Uo ■ i through two 

taining about 100 cc. tepid top water; ^ ® 'ST” pd^ottoni; 

layers of wet gc 
spun in the cei 
poured off, 40° C 

■gr/o mT^vcrslas.; (7) « not postti™ '"t 

water to the sediment and allow to stand until morn g. 

miracidia. 
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o. Floatation.— Introduced by Ba&s in 190C, the value of this technic depends on 
tlie fact that saturated salt solutions have a greater '•pccific gravity than most 
liclmintli eggs, so that eggs in feces whicli Iia\e been mi\cd with these solutions 


eggs, as Fasciolop&is, Echuiochaiimut and Diphytloboihrium "pop’' ojicn or shrink in 
brine or other concentrated solutions and sink to the bottom. The smaller, thick- 
sliellcd eggs, such as those of Clottorchia, Mtlagonimua and Z)/cTDr<r/iUHi, are denser 
than the saline medium and bink rather than float. Sehtslosoma eggs shrink into an 
unrecognizable condition in a brine solution. 

The iinnc solution may be made up to saturation by using crude .salt, which 
usually has a slightly greater densitj’ than refined salt. The solution should he 
filtered and kept in a stopiicrcd bottle The s|)ccific gravity will vary between 1 120 
and 1 210, dc|>cnding in part on the tcmjwrature and in part on the crude elements 
m the hfino liut for efficient use should read almut 1.200. 

Kofoul-Iinrbcr Urine Floalalion-loop Ttchnie (1018) — This con-ists cs.scntially of 
the comminuting of the fecal s|)ccmicns in iiarallined cups in which they have been 
collected, with two to three times their volume of Imnc, forcing the coarse roiigliiige 


drawliack to tlie tcchmc, since the number of eggs in the surface film removed vanes 


fecal specimen with 10 to 20 parts of brine in a cylmder-contamcr of about 2 .) cm. 
diameter, the iniind liciiig sufficient so tlial the mixture comes exactly to the surface 
of tiio container aii<l forms a definite meniscui». A grcasc'frco fec.al slide (.’17 \ 73 
mm ) is carefully su()crimpo'od ujvon the meniscus and allowed to remain for one 
hour, .after wliicli it h carefully removed, inverted and direct examination made of 
the film attachisl to the slide In thcauthor’.scx|)criciice the optimum time m much 
sliortcr, ranging from ten to fifteen minutes If the procedure |>ro]>crly carried 
out, a large proiiortion of all the eggs in the 5|>ceimcn should have flonteil to the 
surface film and have hcoii removed. This method U one giving maximum rcMilts 
for the least cfTort in field ojvcration v>hcrc non-oj>erculatc eggs exclusive of.SVAis- 
foxoiiia arc t<i he diagnosetl. (t effects a greater concentration of eggs than the 
Kofoid'Harlicr technic, although it cannot i>cuscdasnn accurate egg-count technic. 

Zinr.Su//n/c F/onIntion — As. a simplification of thczinc sulfate centrifugal floatation 
technic develojxxl by Faust <1 a/ (19.^, 19.19, n</c i«/r<i), Otto, Hewitt and 8tmliaii 
(1941) dcvcli)]>e«i a direct llnatalion tecliiuc employing zinc sulfate witli specific 
gr.av ity 1 ISO, w idiout scrw'iung tlie fecal material. The ojicratHm is iicrfornusl m 
shell viaN (.'i X 1.8 cm ), which contain the fecal sample thorouglil> susjKiidcsl in the 
s^iliituiii winch filU the V ml to the hrim. \VcII<lcaned 22 nim. stpiarc cover glasves 
are suiicriniiHissl im the surface film to remove the conrciitratc of hrlininth’s eggs 
ami protozoan cjsts. It m claimed lliat thc)icl<l<if eggs ls appreciably greater than 
with the original technic, .nil hough that of protozoan cysts is less. 

9 Ceatri(U(&l rioaUtloo.— (a) I^nc'a Dirtrl Ccnlnfugnl F/oilntion or J). C. F. 
(lUi'J) — This (ociniic wasdcvelojH-dhy Imiici»aiiattetn|>t toovcicoincssjincof the 
ihlliniUies inherent in the simpler methods. Witliout «iuestiim it is one of the mo't 
prwise .nnd dihc.itc iiiethiHls thus far devised and concentrates in (he surface film 
nil hut a neghgihle ninoiint of the ejKs of .lurari#, luHAwunu, Tfichocfii/ni/ut and 
Trifho>trviig<jlii* from a sjiccimeii. It is an cblioratuin and rtfincinent of the Bass 
nirlh.sl of IWI, in which fi ct". were first stramml thniiigh a ‘icve, then successively 
ctntnfugisl 111 w.it« r, h«.ivv silt solutions, nnd water again. 

Jx 
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One cubic centimeter of feces is measured out from the specimen and placed in a 
special ground-lop centrifuge tube, which is filled with tap water to ivilliin 25 mm 
of the top. The tube is then corked, 
thoroughly commingled with the water. : 
and spun for one minute at 1000 revolu 

next poured off and the tube is nearly filled witli a saturated brine solution, coded 
and agitated until the su3i>en«on Is homogenous. Tlie tube is then returned to the 
carriage, filled brim-full with additional biino solution, and covered w'ltii a thick 
cover-glass which is anchored to the four horns of the special carriage bucket. It is 
then ccntrifugalizcd for one minute at 1000 revolutions per minute and the cover' 
glass removed, placed on a plasticine supjwct on a slide and examined as a hanging; 
drop. With a brine solution of 1200 specific gravity a rapid-lift direct centrifugal 
floatation will deliver 70 to 95 per cent of all of the eggs in the sample on the first 
spin, while second and third spina will deliver an apprccialile balance and a fourth 
spin a relatively negligible number, if any. This technic is, therefore, sufficiently 
accurate for estimating tlio number of vlicans, hookworm or Trichocephalus v,oms 
present in any given infection, using the number of eggs per female worm per gram 
of feces as the conversion figure. The method is, however, too complicated for field 
work, although it is suitable for a central diagnostic laboratory, where maximum 
accuracy is desired and good technical assistance is available. 

(b) The UamhuTg Cover-glass Technic (1926, 1927).— This tcclmic, as devised by 
Fullcborn and his associates, makes use of saline floatation for enriching the yield of 
eggs, and provides a quantitative accuracy w Jthout the time-consuming labors of the 
Lane method. A glass or metal cylinder of about 5 cm. diameter and 3.5 cm height 
is provided with a depression In the bottom which will hold 1 Gm. of formed fecee. 
The container is then nearly filled with concentrated salt solution and 
thoroughly comminuted. Three 18 mm. square cover-glasses are carefully 
on the surface and allowed to remain for 10 minutes. These are then 
a cover-glass forceps and placed on microscopic slides, film-sidc-down. All ofthe 
eggs under each cover-glass arc counted and the average of the tliree counts taken. 
To compute the total number of eggs in the 
multiplied by 7.0, if the eggs number 20-10; by 

they number 70-90, and by 9.5, if they number v- — • • > 


centrifugal floatation technic arc as follows: (1) A fecal suspension 
thoroughly mixing about 10 parts of lukewarm tap-water with one pa« o 
specimci 
pension • 

elhzed for 45 to 00 seconds at a speed of about 2300 rpm, or “3 cl of 

International clinical centrifuge. The supernatant fluid is noured 0 , - , 

water are added, the sediment is broken up b. 
water is added to fill the tube (4) Procedure 

until the supernatant fluid is clear. (5) The - centsoiun^w 

110 4 00.01 zinc sulfate solution of the specific gravity 1.1 80 P y 

Le aVded. the sediment -d enough .me 

adf ’ ' * " " 

fue 

liai iiu*''*“e> "• 
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fecal slide, one drop of D’Antoni’siodme stain is added, and the prejaration agitated 
manuallv’ to insure uniform staining. (8) Tlie prcjiaration is mounted ^ith a 22 mm. . 


l.ISO s-p- Rr,, the quantitative accuracj* of the Line technic is achieved for both the 
eggs of helminths and protozoan cysts Hood (1947) cmploj'ed the zinc sulfate 
technic as a quantitative check on the Stoll dilution counts (i ide infra "Stoll Egg- 
count Technic”), using 500 hookwonn-positive stool specimens. She found that 
m light infections («. c., one to 40 |)cr slide by the zinc sulfate technic) 61.2 per 
cent »ere misflcd by the Stoll method. Since the zinc >ulf3to conccnirato provided 
an average count 12-foId that of the Stoll count, a conversion formula, ii'g, 

ZnSOi count x 200 . . , 

— — P®*" “ stool. 


lV.it.son (1947) has modified the original zinc sulfate tccimic (I) hy omitting the 
screening process and (2) by using a Mipcriiiipo.«cd round cover-glass «ith a thin 
film of ^laj er’s albumin fivativ c on its lower side, applied to a ground-glass top of 
the \Vas.-ermana tube, which is '-pun m the centrifuge at 1500 rpm for 3 minutes. 

Summers (1042) dcvclo|)cd a modification of the zinc sulfate technic for use with 
fonnalinizcd fcccs. The solution ismadeiip tos|) 0 cific gravity 1.200, is mixed with 
the feces and the emulsion is proccs.««d without straining. While a satisfactor}’ 
>icld of diagnosablc eggs is obtained, protozoan cysts arc shrunken and their 
diagnostic characteristics impared. 

The zinc suif.'ite technic, like the brine technics, is not suitable for concentration 
of A'c/nsloi>orna eggs, tliO'C of Chnorchis, OpitUicrehs, or oi)crcublc tyjics such as 
FoMiola, Faseiolopsis, Parcgoiitmut and Diphfjllobothrium. 


provides a 
un^t.iined, 

7. Acid-s— !. -e • . . . 

tioii of the fecal detritus, mucus and fatly material and the sciliinentation of the 
heavy jiarticlcs including cysts and Fcvrml acids have been utilized, includ- 
ing hjdrochlonc acid (Tclcnmn, 190S), cilne .acid (Carles and Itartliclemy (1017), 
acetic acid (Dc Hivas, I92S), and mixlifiratioiiH of the IICl technic. 

a TtUiiia/m Technic (190S). — ■‘mail amount of fccc.s is cmuNified with roji- 
mitralcrl JICl .md ether, equal jiarfs, the Mi'iienMon strained through a hair m'cvc, 
cciitnfiig'ilizcs] for one minute and the Kodinicnt examined. 
b ('ar!c»-I!nrth<lctny Technic (1917) — ^Thc fccca arc eniulMfietl in 10 per cent 


J)e llitoi Mflhikl (IP^Iv). — (I) ^Ibout 1 to 2 <•«», iJ ft-ces arepbred in ap/;roti' 
ni.-itcly 10 re. of a .*» jht cml Niliition of acetic acid in a l.» cc. centnfuge tiilx; and 
thoroiuhly roiiuiunutcd hy ^ll.aklItg; (2) after allowing the Mi'iieo'iun (o htand for 
alsHit ^JOm-coihI'*, loiierinitthc heavy |xarl idea to Mttic to the Ixittom of the tiii>c, 



59G HELillNTlI P.lllAXITES, THEIR EGaX AXD LAItV.E 

the bupcrnatant suspension is passed tlirougli one or tm laj ere of cheesecloth into 
another centrifuge tube until the latter tube is nearly half full ; (3) an equal amount 
of ether is added, a rubber stopper is placed m the mouth of the tube and the tube 
thoroughly shaken for about 30 seconds; (4) the tube nith its contents is then 
centrifugabzed for 2 to 5 minutes. (The tube now contains four layers' (a) an 
ether top layer, (b) a detritus interphase layer, (c) the acid layer and (d) a small 
amount of sediment at the bottom, (5) all but the .sediment is poured oft and the 
latter is removed iiitli a capillary pipette to a microscopic slide for esaminatfon. 

c. Malhieson and Stoll Technic (1945). — One Gm. of feces is suspended in 5 cc. of 
a 15 ])cr cent solution of HCI (40 cc. HCI cone, made up to 100 ce., with specific 


immature and degenerate ones. 

d Wclhr-Dammin Tcchmc (194G). — ^Tliis consists of the addition of 0.00 cc. of a 
concentrated solution of the detergent Triton NE to tlie 15 per cent solution of HCI 
of the Matliicson-Stoll technic it provides a considerably higher yield of dwgno^ 
able Schistosoma eggs wlicn earned out in jiarallcl with the Mathicson-Stoll technic. 

c FausUingaUs-See Tcchmc (1946). — ^This is similar to the Weller-Dammm 
technic except that the feces arc emulsified in a combination of HCI, NajSOi and 
Triton NE; or NaaSO« completely replaces HCL The first formula is, 2 5 ce. 
HCI + 2.5 cc NajS04 (sp gr. 1 080) + O.OC cc. Triton NE; the second formula, 5 

cc.NasS 04 (sp.gr 1 080) +006cc TritonNE.Bothofthesemethodsprorideahigh 
yield of superior quality Schistosoma eggs. They are hhewise well adapted to 
concentrate very small numbers of Clonorckis eggs. 

/ Loughhn Stoll Acid-Ether-Xylol (ABX) Technic.— (1) hleasure4ml. (or 4 Gm ) 
fecesS into a Stoll counting flask containing 56 ml water; (2) add several glass bea s, 
shake and set aside ovcr-njght m refrigerator; ne.xt morning shake vigorously o 
secuio complete coniiiiinutioii, (3) after securing thorough distribution of the egg 
by shaking, transfer 1 5 ml, suspension to a 15 ml. pointed centrifuge tube; ( 1 

0% 1 on . .. * TT^won Aono Hriininnml water), close «ith rubber 


sediment to slide, mount with cover glass and e.xamine The rnL/us 

to be superior to the Telemann and LanetechiiicsforinfcrtiIei4 scans, » i 


eggs may fail to 
contain a few egg- 

of the stool should be earned out in 0 5 per cent glycenna „ork and 

Although etlier technics are tirae-sa\nng, they are not cheap 

rlionlfl hp rpsprved for snccial cases. , ^ t|,e accurate 

■ strictly sjic.'ikii’K' 
,B„ml method 

, , i(iuatedui)to4jcc. 

grams of feces are weighted into a large, thicJ£*giass mark. Ton 

Decinoi inal sodium hydi oxide solut 

glass beads are then added, the tul 

until the mixture is homogenized a. v..w — . 
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20 per cent. Multiplying the total count per gram of feces by the average daily 
output of feces per individual gives the total egg production per them. 

The technic lias been modified and simplified as follows (Stoll and Haushcer, 
1926) Into a special Pyrex Erlcnmejer flask [Sloll egg-counting flask), with etched 
markings at the 50 cc. and 60 cc. lex els, are placed in sequence 50 cc. of decinormal 
NaOH and 4 cc of feces. Sexeral glass beads arc added, the flask closed with a 


must be u'cd, for the larger amount, 100, in order to coii\ert the count into eggs 
per gram of formed feces 

Faust and Khaw (1920, 1927) found that fecal sjiecimens oxer a period of ten to 
fourteen days arc desirable in order to obtain an accurate daily axcrage, and that 
much greater dependence can l>c placed on ax crage daily output of eggs than on eggs 
per gram of feces, .vmcc the con<islency of the «i)ccimcn vanes too widely to permit 
of accurate estimate of its water content 

The Stoll tcchiuc has been employed in conjunction w ith w orm-counts in Nccoior, 
Ancyloslotna, Aicarig, Clonorchit and Faioclopsis infections m order to determine 
the cgg'laying capacity of theae «pccica of worms per unit of time or per unit of 
formed fecal output The following figures may be considered as relati\ciy accurate 
estimates for these worms- A'ceofor, ca OOOOejffispcr female per diem (Stoll, 1923); 
/Incj/fosfowio, sc'cral tunes that of Nccator (Sweet, 1924, Cort, Stoll and Grant, 


tie ^{>eclt•'' Mich as Clonorchis and Fasciolopsis, this product cuiu^titutcs the esti- 
mated number of worms m the infection; foruniMixual sjiccie.s, such as dscan's and 
hookworms, it is the estimate for females only and the total number of worms may 
roughly be reckoned as twice that numlicr, since the number of males and females 
IS Usually about cipial. 

9 Beaver's Duect Smear Egg-count Technic.— The method of making egg 
counts by direct sinc.sr is IwmhI on the oliKTxatioii'* that eggs of hookworms and 
prob.xbly those of other >.|>ecic.s which inhabit the small iiite'tiiie or ujijkt colon, 
Iiaxe random distribution in the stool, and tliatany senes of direct smears of espial 
density taken from the same stool cutilain equal quaiititie.s of fecal soUda and 
statistically equal numlxTs of eggs. A method of making uiuform smears has Ix-cn 
dex L-ed and the factor for wnxcrliiig eggs |»cr shde to eggs jjcr cc of formed sUxil 
has iH-cn detennined for the t>|»e of smear which ij, rrgardi^ tentatnel> a.-* Ixniig 
of ideal density This iinohes the u-o of phol<«leclnc tyiHJ of Hglit meter which 
is ada|itod to me.asuring the turbidity of the fiscal smear \ wiKHleii block lb 
mm. in thickness and of any ronxonicnt iliamcter is filUsf to the light meters 
window and a 10 mm hole is dnllcd into the center of the bl‘Kk. This ktms 
as a platform for the microsco|« sImIc on which the smear i* nuule and pnixido 
n ina.*k which reduces the window- toa conxcnlcnt sue for preparing and «pn-aduig 
the smear .\ii electric lamp issus|teflded dm>clly oxer the ndurc*! wiiuloxx and 
made adjustable so that arbitral)* xxlwle numlicr rr.ading« can l>e obtaiiKsl. 
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After the apparatus is assembled the procedure is as follows: 

(a) Place a clean microscoi)e slide on the platform and adjust the light to gi^e 
a whole number reading with adequate working space between the meter and the 
lamp. 

(b) Place one drop (0.045— O.OoO cc.) of water or physiological saline on the 
slide over the window. 

(c) With a ^\ooden apiiheator take at random from the stool a small fleck of 


into the smear are remo\ed before the second reading is made so that the final 
smear contains jiure fecc.s only and nothing Is present to prop the coverglass. 

(d) Add coverglass and taj) lightly to level it and spread the smear evenly to 
the coverglass edges. 

(e) Count the eggs in the entire smear including any that may be outside the 
coverglass and record as eggs per shde. 

For most jiurposes it is not necessary to interpret direct smear counts in terms 
of eggs per cc. of fcccs. For rough comparison with dilution egg counts, counts 
by direct smear should be nmlliplicd by 300. iVo correcii'on tn direct smear cemriU 
ts necessary for stools of duxrse consislencks. However, standard smear counts 
multiplied by 300 give counts coni|Kirablo with dilution egg counts corrected to 
the formed stool basis and do not actually give eggs per cc. when made on mushy 
or diarrhcic stools. The direct smear method, therefore, can not be used to deter- 
mine the total daily output of eggs if stools arc not formed. On the other hwa, 
it offers the advantage of allowing direct interpretation in terms of worm burden 
without correction for stool consistency. It has been determined that each egg 
on the standard direct ’ ■ ’ * ■' 

canus. It must be emp 
for worms per egg) give < 

For reliable comparison ^ — 

investigations it is necessary to have accurate calibration of the light 
sembly. This problem is discussed m detail in the original publication ( ea\ . 

°io! Caldwell and CaldweU Ege-coiml Technic CW2(i).-In tins 

formin and sugar solution are substituted for tb‘»^'’'‘innrr»al r^aOH. e , ^ 

ing tube or flask is calibrated to the 40 cc mark 


;ar to luw CO. -.-i' r, g of 

introduced and the mi.vture thoroughly stirred. With a capillary • 

suspension is drawn up from the bottom of the contoiner, sprea o 
slide without a cover-glass and the eggs counted. To conver gg 
feces, th( * ’ 

The ac 

solution ... 

cover-glass, and stays in position on the shde. surveys, m 

B. Eecovery of Helminth Eggs from Soil-For ' f 

which it is desirable to determine the pollution of the soi surface 

Trickocephalus, a generous sample of suspected soil is scr P or 

layer, brought to the laboratory and treated by^t^® ^ A representative 

(1936) adaptation ( 

5- to 10-Gm. portio 

with JOcc. of 30pi.w 

quently and thoroughly stirred to separate eggs from 
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tubes are filled \\ith a sodium dichrooiate solution (sp. gr. 1 35), thoroughly shaken 


minute, the supernatant fluid is pipetted off and the sediment transferred to one or 
more broad fecal slides (37 x 75 mm ) and examined 

C. Concentration of Embryos and Larvs. — ^Thc methods employed for concen- 
tration of larval in blood and lymph, in fcccs, or in soil contaminated «ith feces 
containing eggs or larva:, have the same ends in view as the concentration of eggs 
in feces, namely, the diagnosis of light infections and the saving of time. 

Blood, Ljmph and Cbylons Urine-— TAicit F dm J/ctAods.— These methods Im e 
already been described (t’ldc supra.). 

Ccnlrifugalizalion . — DefibrinAted and dehemoglobinizcd blood, or lymph or 
chylous urine, is concentrated by centrifugalizing for about one muiute at 1000 or 
more revolutions per minute, the supernatant fluid decanted and the sediment 
examined for embrj'os or larva:. These may be vitally stained or the film air-dricd, 
fixed and permananently stained. 

Knott (1939) has modified tliis technic as follows: 2 cc of blood arc tliorouglily 
shaken \x ith 10 cc. of a 2 per cent solution of formaldcio de, ccntrifugalized for fix e 
minutes at 2,000 rjim., the supernatant fluid decanted and the sediment stained in 
bulk, then examined micro-^copically for microfilaria:. 

For the quantitatixo estimation of niicrofilari® m blood samples Brady and 
I^iuton (1944) recommend tlio foliouing procedure: 

“Txxcnty cubic millimeters of blood are draxxii up into a pijictte such as is cm- 
plojcd for the hemoglobin estimation by the acid hematin technique. After wiping 
tlic tip of the pi|>cttc with cotton, the xolumc of blood is expelled into tlio chamber 
of the f*cdgMick- Rafter counting cell. Tliisrcllxxas designed for enumerating organ- 
isms m Mater and consists of a elide with a depression 0.1 cm. in depth and 2x5 cm. 
in area, thus cajiablc of holding 1 cc. of fluid. One cc. of 0.1 N' hydrochloric acid is 
added, tiie susiiciisioii stirred xvith a dissecting needle, and a coxer slip applied 
xxithout leax ing an air bubble in the chamber. The microfilaruc settle rapidly to the 
bottom of the chamber and little focusing Is thus required With the aid of a 
mechanical stage, the entire area of the cliambcr is examined xxith the use of a 15 or 
25 min. objcctixc. 

"The method jicmiits the cxaiiiioation of quantities of bluod up to 0.1 cc., ob- 
x'latcs the |Ki 2 >Mbihty of lo>s of microfilaria; in the test sainiile, and reiiuircs only a 
single ])iccc of equipment. The only disadvantage encountered is that objcctixcs 
proxnding tnagnifiratioii higher tlian 8 mm. cannot be used because of the thickness 
of the preparation.” 

Feces or 5otL— Larx® in (he frees, os for example Iiookxxonn or Sirong’jloidct, 
may be diagnosed from uiieoitcentratcd fccal filin'!, but cciitrifugalication, in the 
same manner as has l>rcn dc'.crilx'd for embryos or larx® in the blood, lymph or 
urine, in usually indic-atcd xilicrcxer tlicrc w a suspicion of thc.'o infections being 
prcMuit. For 5tronpy/oi(/r4 larxx tlic zinc sulfate ccntnfugal fioatatioii technic is 
|)articularly satisfactory (I'n/e jwpro). Another tcchnic Iot Strongylouks, which has 
much to recommend it, coiiM«ts (I) in the culture of the fccal sample in a coxcred 
I'ctn di-h or glsM liottlc xvith a metal c-ap, and the rccoxcry of the larx® from the 
water of condensation on the underside of the coxcr, or (2) in the use of the Racr- 
mann apiiaratus. 


s.xinp1c U thoroughly iiiui-d w it h an equal amount of stcnic sand or animal cimreoal, 
and placed on a circle of filter j>ai>cr in a Petn dish (preferably of unglaud }«rcclain) 
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or in a stender jar. The container is covert nith a glass lid, so that the nater of 
condensation collects on the under side of the lid. In the course of several hours to a 
few days, depending on the species and the state of development at the time of 
culturing, the majority of the lar\-je wll be found to have coUected in the nater of 
condensation, and may be removed to a microscopic slide and examined. By this 
culture method practically the entire number of lar\'® in the sample can be drawn 
off with the Baermann apparatus. (See beloiv.) 

Eggs of Ascnris, TncAocephalus and other nematode species which require several 
w eeks for development to the fully embryonated stage may be placed on moistened 
circles of filter paper in covered Petri dishes. Development may be accelerated by 
keeping the culture in contact with a 2 per cent solution of formaldehyde. This 
solution must be thoroughly washed off before the embryonated larvje are used for 
experimental feedings. 

Eggs of Schistosoma &j>ecies are fully embryonated on being passed in feces or 
urine and require only a dilution of the medium with tap water to secure kstcbbg 
This can be effected in the case of a fecal specimen by washing the specimen, allow- 
ing the eggs to settle, decanting the supernatant fluid and repea tmg the process until 
all of the lighter d4bris has been removed; or, in the case of urine, by simply diluting 
the specimen with 10 or more parts of water. The eggs usually hatch o% er night and 
the miracidia are found swimming about in the water next morning. Tbe miracidia 
of S. japonjcum collect in the uppermost portion of the water, as do the active 
miracidia of 5. man^oni (Faust and Hoffman, 1934); those of 5. /uemlobium aw 
equally distributed throughout the medium. Faust and Meleney (1924) advocated 
this hatching technic as a simple method for determining the presence of small 
numbers of ScAistosoma japonicuw eggs in fecal samples. 

Eggs of ClonoTchis, Opisihorchis, Melagonimus, Hiterophyes and Difmcffh'um, as 
well as those of Txnia, Dipyltdium and Hymenolepis sjiecies, although fully em- 
hiyonated when recovered from the feces, apparently hatch normally o^’ after 
they have been ingested by the suitable intermediate host. Eggs of Fasaw, 
Fasciolopais, cchinostome species, Paragonimus and Diphyllcbothrium, after bemg 
evacuated in the feces, mature m water Development takes place most rapi } 
and the best yields of fully embrj'onated eggs are secured m shallow , 

temperatures ranging from 20” C. to 30” C. Eggs of these species at the bo 
deep cultures develop very’ poorly. The available oxygen supply is apparen i 
important factor governing their development. , . , . 

The Baermann Apparatus and Its Use . — ^This apparatus was onginally 
the isolation of hookworm larvae from the soil. It is equally apphcab e or - 
extracting other nematode larv® from the soil, as well as nematode larv a; 
feces and larv® hatched from eggs in cultured feces The technic depen 
principle that a large proportion of nematode larv® will migrate ou o - 

water-'. ’ ■ . * bmiwht m contact wiui 

lower s 
placed 
pinch-« 

7.5 cm is lined with coarse cloth and fitted into the /unneJ ^ yf the 

examined is comminuted and is then placed m the wire bas e , . been 

I 1 11 ..n. ,ntrMiirpd into tne lunnti,^ ^ 


ween 

otlic 


top and bottom w ill be greater and the movement of the ® x, ,|i be ob- 
w ater will be more rapid Usually withm ten or fiftwn m niaxunum 

served migrating into the .-^tem of the funnel „ ,, opened and about 

number has collected in the lower part of the stem. The clamp >3 open 
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50 cc of the water are run off into a centrifuge tube Tlie draw-off is then centri- 
fugahzed, the su|)ernatant water pipetted off and the sediment spread on a fecal 
slide for examination. Finely particulate soils may require a longer period of time 
for the migration of the larvaj. 

If too much of the soil particles is present in the run-off, it may be necessary to 
utilize a small Baermann apparatus for a more careful separation of larvie from 
these particles It is also sometimes necessary to repeat the process once or twice 
in order to obtain the maximum yield. This technic for the culture of the eggs to the 
hatching stage may be used as a substitute for cither the Lane direct centrifugal 


cation of the Baermann technic consists m providing a method for the accurate 
determination of the numbers of larxx in the soil. 

7 SEROLOGICAL DIAGNOSIS OF HELMINTHIC INFECTIONS 

It is desirable wherever possible to diagnose helminthic infections from 
the worms themselves or their reproductive products, eggs, embrjos ami 
l.irvaj ruder certain conditions, however, thU is impossible except at 
operation or necropsy. In case direct diagnostic evidence ciuuiot he 
obtained, scro-diagnostic methods may at times be utilized to advantage, 
in order to provide evidence of infection. 

Serological and related reactions dejiend on the development in the bod} 
of a liost-organism of specific antagonistic powers to an invading organism. 
Ill helminthic infections those species of worms which are intimately asso- 
ciated with the host tissues, so that their by-products become diffused 
throughout the body, are the ones which arc most re.idily diagnosed by 
serological methods. Thus, the species of Schistosoma, Echinoerxeus and 
TnchincUa give a positive serological test in a very high percentage of 
cases, wliile certain helminths of the intestinal tract, as well as certain of 
the trematcxles resident in the biliary passages, give negative or uncertain 
tests. In the ease of Ascaris Umbricoules, tlic vvorm need not be an actual 
parasite to provide a positive reaction, since emanations of this wurm, a.s 
well as of the related species, A. megaloccphala, have been found to .sensitize 
certain persons handling or cxaiuining such siieciineiis, or even those who 
are m env iroiiinents hav iiig rchativcly large iiumhers of infected individuals. 
There is no uiiaiiiinity of opinion a.s to the nature of the by-pnxluet of the 
helminth which is res]K>nsibIe for the seiisitizatiuii. hut most workers 
believe that grouji reactions are prothui*d by a yflwiwKJ-globulin, while 
siK'cies-siH'cific reactions are due to i>oI} saccharides. Thus, antigens 
prepared from gcnerieally or even less directly relaleil para,site.s may mtv e 
for gniup reactions, while those which are purifiwl will pnivide more 
eoiivineing ev idciue of a spmfic etiologic;d agent in the host. 

The four tjpes of reaction which have Iwen obtained in the ea.se of one 
or inor»‘ of the liuinan helminths are* (1) complement-fixation { == eonijile- 
lueiit deviation of X. II Fairley), (2) flocculation and precijiitin re.ietioii, 
(3) intradennul reaitioii and (I) precipiutioii. 

1 Complement-fixation. —Thii test has been cnipIo}tx! in jir.utieal 
diagnosis with ixiMtive n-sults for the schistosomiases, jKiragoiiimiasis, 
Iivdatiil rvst. and iricliinosLs. It has also Inm utiliztxl in fascioliosis, 
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twniubis and oucliocercoiis. L.e Uas (1924) lias found it negative in Viphyl- 
lubolhrum latiim infection and tlie present author has obtained negative 
results in clonorchiasis. The tedmic is on the whole similar to tliat of the 
Wasscrinann test for syphilis, although the antigen must be either species- 
specific or group-specific. 

^ Boziccvich, Iloycn an<i Walston (1947) state that the complement-fixa- 
tion test is frequenti}' unreliable, due mainly to tlie anti-complementary 
effect of the antigen. They present a inetliod from Wadswortii (1927) 
adapted to protozoan ami heinniithic infections. “Complement titer is 
determined on the basis of that amount which will give 50 per cent hemo- 
lysis when compared to tile color standard.” Interested A\orkers should 
consult the original jjaper for technical details. 


1,4 ..... .. ... . 

harboring either of tlioc two sjh'Cics of blood flukes. Similar rcciprowt use v. 
j ^oth Yoshimoto 


n ith 4 parts of physiological 

per cent NaCl solution. If o . . . 

stock solution remains potent for two montlis or more. n i * ♦ 

If antigen is prepared from infected snail hoists it is desirable to run parallel es s 
with extract of uninfected snails of the same species. If adult schistosomes are 
utilized as the source of antigen this precaution is obviated. 

• ' ' 'MlmhflIice\tract’'ofmacer- 


antiseTUJn is prejjared Uom serum of {wtients, macuvun.-u iw. . , [,gj-Qj.e 

C*. and used undiluted; compUmenl is fresh guinea-pig’s serum, dim e J pj 
using with 10 parts 0 85 per cent NaCl solution; hiinohjsin is inactiia . _ 

rahhits tliat have received at intervalsof seien days, 3 to 4 mtraicnous 

■ • I U.>.l nnrniisdcs in 0.53 pCr 


freshly diluted c( 
hour in a watcr-l: 
gether with 1 cc. . 

tubes are placed m the water-bath again for two noui&, — - 

until next day, when readings are taken. macerated snails 

Fairley's Technic . — Antigen consists m the “alcoholic e.x^ enty-four hours 
infected with Sclitsloso7;io hsematobtum or S. mansoni, sto of an 

at 37* C., then filtered and the filtrate eraporated at 45 u i>y golution 

pump, the residue being dried, weighed and dissolved in 0. o p j^^jnolysin are 
(0.05 Gm. residue to 20 cc solution) -dnh's^”** . nrocedure is similar to 

prepared as in the Wassermann technic, and the subscq P 
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tliat for the Was«iermann reaction. F^ley (1919) stated that pooled positive sera 
collected from early ca-ses of schistosomiasis fix 7 minimum hemolytic doses of 
complement over and abo^e tliat fixed by pooled negative sera in the presence of 
specific antigen, while m the older, more chrome cases, this excess fixation amounts 
to about 4 M. H. D. of complement Yoshimoto found the fresh sera of schistosom- 
isasis japonica cases to be strongly jwsitixe, while non-specific sera were negative or 
only faintly positive with schistosomia^ antigen 

Miyaji and Imai (1928) found that physiological saline extraction provides a 
greater number of known positives tlian alcoholic extraction. Complement fi.xation 
with the former type of antigen discovered some cases of S- japonieum infection in 
endemic areas of Japan when the .<>tools were negative Andrews (1935) obtaincti 
about GO per cent jiositive reaction in S. japomeum patients’ sera from China and 
obtained no false positives in luetic patients or those infected with Clonorchis siven- 
SIS, Fasciolopsis buski, Aseans and hookworm Doth antigen prepared from infected 


Williams (1947), in testing 5C0 Australian trooiw wlio liad been exposed to S. 
jopowicum infection on Leyte, P I m 1944-1945, utilized antigen prepared in 1927 
by Fairley from snails infected with S spindale In one group of 109 individuals, 
all with positive reaction, 25 were negative by stool examination. Of 303 iicmoni 
previously regarded as negativ e, 34 had po-xitiv c tests, 27 had iwsitiv c stools and 20 
of the 27 were podtive liy both technics. Xo false jioMtives were encountered in 
uncxposcd persons or in thos 2 with |>ositivc Wasscmnann sera 
The comjilcment-fixation reaction is particularly valuable m &u«])C‘cicd cases of 
sciiistosomiaBis (1) during the latter |>art of tlic incubation period before the eggs arc 
produced, (2) m chronic cases m which the walls of the intestine and bladder have 
iiccumc so fibrosed that eggs cannot i>ass from the tnc.<MM)tcnc veins or vesical ptcviis 
into the lumen of tiic.'O organ'*, and (3) in unisexual infections, which may othcnvisc 
be diagnosed a.s “idiopathic splenomegaly " 

ParagOQiouasis.— The tc**!, as worked out by Ando, i^Mmilar to that for scliiato- 
soiniasis, the antigen hcing (irejiarcd by vilmc extraction of macerated adult 
Paragonimus tccs/crHiani, taken from a human infection at biojisy, or from auto|xsy 
or cviicnmcntal infcctioii.s in reservoir ho''t> Tlie serological test i.s particularly 
U'eful m Mirix-'cted ca^es of mm-pulmonary {larsgommiavis, where the worms are 
lodged m deeji foci, which do not {icrmit the eggs to bo evacuated in the excreta or 
through cutaneous lesions 


fixation ” It HM-ms probable tliat eggs tvcovervii from biliar> drainage will bo a 
more reliable It's! tlian complement fixatiou 

Eebiaococcut Infection. In tins infection antigen usually consists of hjdatid 
fluid rcinoMsl a.scptical]y from previous liuinan ea.sea or from infected mammalian 
reservoir ho'U*, prrfcmlily from iiifcrtion in f-lieep with xwble x-olices (X II 
Fairley. 11)22), but Dennis (1UJ7) has ]»oiiilcd out tlial optimum results can I>e 
obtaincsi onl}’ with a purified antigen niailc from t'tcnlc liydatul protein Ivxccpt in 
bcaviiy endemic area.s, it is fro<|Uently«lifiieuIt to obtain fresh antigen. I’urtilent or 
turliiii livdatid iluui cannot lieusssl. 

/>(rini«'< rrcAnic (I1»J7) — Fre»hly a.spiratcd, bactenologically Btenlc, lodatid 
fluid from c>Kts of the liver .sml lungs cif infected rattle and Bhcep conBiitutcs the 
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source of tlie antigen. About onehtpr of tlip fl-.y is dnlled. acidified by the addition 

the ice-box over night to accelerate 
leated centnfugalization and is next 
— It IS then suspended m about 50 cc. 
\.>i uvsrnieo xvater and 10 })er cent sodium Jjydroxide added, drop by drop, until 
practically all of the protein is in solution. TJie insoluble residue is collected by 
centrifugalization and discarded. The solutiou is tlien chilled, the protein repre- 
c'lpitated by the addition of 1 N glacial acetic acid and left in the ice-box over night. 
It is then recentrifugalized, washed free of acid and evaporated in a drying oven at 
37° C. or over calcium chloride The dry precipitate is ground in a mortar and 
stored over calcium cliJoride in a desiccator. About 100 ingin. of purified antigen 
may be obtained for each btor of bvd'iti't flui/i jiution is made up 1 

ray be sterilized by 
, chloroform This 


utvon is diluted to make 

a] Kolmer modification of 

the IV assennanu test (KcJiner and Boeincr, 1933). This antigen is sensitive, s])fr- 
eific, not anti-complemeniary and does not give false positive tests. 

Tienia Saginata.— Jleyer (1910) and Jerlov (1919) have obtained complement- 
fixation in persons harboring the beef tapeworm They prejjared tlieir antigen by 
ether-alcohol extraction from dried Tznia stiobjlm. Siever's (1935) suggestion, 
tliat the antigen of the tmmas is sjpecie-^^-specific, requires confirmation. 

Trichinosis.— For the complement-fixation t^t in this infection Strobel (1911) 
found that tnchinized flesh digested in a culture chamber for twenty-four hours 
with caustic soda and antifomun, and later neultalized with hydrochloric acid and 
hlteied, provides a reliable antigen which is potent for fourteen days if kept m a 
refrigerator Alcoholic extract of tnehinized flesh is said to give a negative reaction, 
0 4 cc. of the antiformm extract has given a consistently positive reaction when 
known cases of trichmized individuals were tested, whereas a negative reaction 'W 
obtained with serum from a Wassermann-positive case. In experimental anim 
Bachman (1929) found that antigen, prepared as for the precipitin te^t, 
become positive until the experimental animal iias been infected for twen }- ' 
days I 


Ascanasis.— Antigen may be prejiared by extracting m °^V,in\an or 

f-olution the macerated adult worms which have been evacuateu irom , 

porcine infections, then filtering and deaccatuig the solute hut academic 

of Ascaris-infected individuals gives a positive reaction is of h e chtaiued foe 
interest in patients harboring female worms, since eggs aie so rea j, y„jn- 

diagnosis, but m purely male infections it may have a definite use • 


infection- 


found 0. volvulus antigen much more senritive tlian antigens prepaied 
filarial w orms. 
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2 Precipitin Reaction.— This is a delic-atc, specific test but ri“quirc,s 
careful reading by skilled serologist*. It L> particularly helpful in checking 
intraderroal tests made on p,Uieiits suspected of harboring hjdatid cyst, 
Cysficercua ccUuloss, Tnchi»eUa spiralis and schistosomiasis W'hen 
[iroperly carried out it pro\ kies more accurate information on acti\ e infec- 
tion than does the intradermal reaction. 

The basic technic (as worked out by Sawitz, 1937, for tnchuio-sis) is as fo!]ow> 
Eight serological tests tubes (I-VIII) are set up in senes Into the first si\-, o 2 cc 
amounts of patients’ serum are introduced A normal human «erum in the same 
amount is placed in the seventh tube and mfccted rabbit's serum m the same amount 
is placed in the eighth tube In the same order the tubes are o\er-laid with the 
following solutions. I,02cc antigen, 1 to lOOm Coca's solution, II, 0 2cc antigen, 

1 to 200, III, 0.2 cc antigen, 1 to -100, IV,0 2cc antigen, 1 to S00;V, 0.2 cc. antigen. 

1 to 1600; VI, 0.2 cc Coca’s solution without the antigen, VII, 0 2 cc antigen, 1 to 
100; VIII, 0.2 cc. antigen, 1 to 100 (The rabbit scrum should have been previously 
tested and found to be positive by the same Iccliiiic ) N'cgativc sera remain clear, 
while positive sera develop a white ring, witlim thirty minutes at the lc\cl of contact 
with the antigen, and the antigen usually liecomos cloudy white Although tin- 
technic is less sensitive than tlie intradermal to<t for chronic cases of tnchmovis 
(Hall, 1037), it detects both suiiclinical and clinical ca'os of the infection 

For hydatid cy.sts Dennis (1937) recommends 1 to 1000, 1 to 10,000 and 1 to 
30,000 dilution of his purified {xiwdercd antigen, t e , stock solution, 1 to 10 and 
1 to .30 dilution of stock solution Constant volume^ of anti-cruin arc utilized. Thi-< 
tost IS stated to bo absolutely "-iiccific 

Eclunoeoccus lafeetien.— Tins prcci]>itm reaction, wbicli Inas been )>articularly 
studi^ by Australian invc'tigator', closely parallels the complonicnt-fi\ation 
reaction In jiractice, frcsli liydatid fluid is obtained asejitically from infectctl 
'‘beep. It Is preserved by the addition of phenol solution and will rcm.am stable for 
several months 0 4 cc of patient’s fresh scrum i« added to an etpial amount of the 
antigen in small agglutination tul>cs and allowed to stand for tbirt>-six hours at 
room tcmi»craturc. In a serum vvith high precipilin-content (c g, high scrum 
eiiglobiilm) a iirccipit.'ite foriiw m two or (hicc hours Thick fiorcnlation has hroii 
designated as + + 4., fine prcciintate with granules m susjjcnsion, + + , and micn» 
scopic granularity, 4- 

CysUcercoais Cellulose -Tlic iT.arlioii is ramod out ns in testing li>datid infec- 


iwragrapli to tins serological metluid Antigen isohtaiiipil rn>in l.'vhoratorj’ infccteil 
.muiials (rats, rahhits, gumc.a*pMgs), fn>iii the lean me.it of wlncli the lArva> are 
ohUvnictl hy ixrptic digest technic, llicn eonecntratcil l>v eeiitrifiigalization and 
dcsicratisl in a {xirtial vacuum 

tdivfr (jontalci (191!) has discovered tliat there arc tun tv lx's of aiititHniy re- 
action in trichinosis, one which is .aiiti-Iarval and one untivvdiilt The latter fonnx 
a }>reci|)itate in vitro around the mouth, vulva and amis of .adult tnclim.c, is detect- 
aide 1.3 tl.ijs after infection, reaches its mautmiin nUmt the 2.31 h to .3.3111 day and 
tenninatexon the .30th d.vy Tlieanti-Urval tvix*ofantilxxly iinxliiees a precipitate 
around the moutli (hut not the nnusof the larva,) apjx-ar* alxnit the 30th day and 
riachc-s a maximum lictwivn tlic 4.3lli and tiOth dav 

Itotli (1943, 1916) has dev(hi(Ks) a slide precipitin tc't wliieii he states is more 
rrlialile tlLiii tlie ortluHiox ti'st Tlie priHssliirr is .as follows Alxnit IOO slenlc 
living T </>ira/i«, ulit.vinisl l>v iniiseleihgeslniti of Lalmritorv hosts, are pin is| m a 



GOfi 


IlELMIXTII I'AItASlTES, TJIh'J/l KGGS AND LAItWii 


sterile, hollow-prouiui slide in O.occ. of iwtiont’s.seruni to be tested, and the pronafa. 

tion 13 then mounted ^\Uh a co\erBlass. The slide is set in a mmV >•, 

incubated for 21 hours at 37® C. ' ' • 

the larvic in ixisitive sera. A j>a . ■ 

posilivo 10 to 20 days after symptoms lirstapjxar. It is claimed to ix: morVddieatc 

and more tnistworthy tl\an other seToloj;teal tests for trichinosis. 

SucNsCnguth and Klme (1944) have adapted the Kline teat for sjiihilis to trich- 
inosis. Tiicy re)>OTl cailv. accurate diairnntiu 

■ • • ■ ■ on the intradcrraal 

- The antigen titer 

rangcu irom l:.),000 to 1.30,000. AH .‘era shoned preeipitins \ar}'ing in degree 
from + to -h-f -i'+- Ki four |)crsons provioualy known to have the infection the 
reaction ranged from equivocal to +++- For preparation of the antigen vide 
infra under “Intradcmial Ucaction.” 

Schislosoinjasis. — Employing antigens prcp-anxl from ccrcarix and adultsofS. 
nwnsoni and tcating &0 jiatients liarboring this parasite, OlivdrGonralez and Pratt 
(1944) ohtaineil 93 i>cr cent positive precipitin reactions and no false positnes 
in iKirbon.** having other parasites. The titer used ranged from 1:3,200 to 1.4,000. 

3. Intradermal Reaction.— This tost consists of t!vc miection mtra* 
dcrpinlly of e.xtrnct of panisite tissue or of fluid claborateil by the parasite, 
or in placing dosiccutcil powdered tissue of the panisite on the sUn ivhich 
has been pn.*vioUb(y ^carifit‘<l. I« sensitized individuals there is an iimne- 
(Jiatc local reaction, consisting of an erythematous wheal winch rapidly 
increases in size and tends to e.\(end by pseudopodial runners until it 
reaches a niuxiimun size in fifteen to twenty minutes, and begins to fade 
within ivw liour. There is usually also a delayed reaction some hours later, 
consisting of an area of erythema ainl induration around tlic site of injection 
or application of tiie antigen ^ . , . • # 

Like other allergy .^kin tests the intradennal reaction in lielininthic infec- 
tions is simple to carry out and adativciy easy to interpret. It has the 
disadvantage, compared with the precipitin reaction, in providing no 
bcloctum of individuals acthcly infected, since it usually tests positne for 
infections which ha\ c long since hecomc quiescent or may have been 
removed by anthelmintic treatment or surgical intencutiua. 

Echinococcus Intection.-ne Casoni /ffarfmn.-Tlie phenomenon ^ 

tivcucss ill echiiiococcu&-po>itive individuals was first noticed by Ca»m (lyi h 
obtained a proiiortion of iiositive reactions in cases of liydatid infection, es 
Zoli (1919) and Dew, Kcllaway and Williams (1923) haie icfincd ti.e test ana 


test on a suspected case, 

and 0.2 cc. of the antigei ^ " 

amount oC pliysiological saline solution is made several 


rentimetere from 
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injection or on tlic opposite arm. The wheal formed by the control fades, wiiilc 
that jjroduced by the iiydatid fluid in positive cases de\clops almost immediately 
into the typical wheal cliaracteristic of the reaction. The test is particularly valu- 
able ill preojicrative cases and the reaction is immediate!)' jKisitn e, even in infec- 
tions where operation showed the cj'st to be suppurative and degenerate. In the 
latter type, as well as m recurrent cases, delayed reactions and complcmcnt-fivation 
are commonly ncgatiic. In jiostopcrative cured cases intense skin reactions, 
including the delayed reaction, are obtained up to sixteen years, posMbly duo to 
considerable leakage of hydatid fluid at the time of ojwration. 

For use with the Dennis purified antigen (1937) a 1 to 10,000 dilution in neutral 
physiological salt solution is recommended. 

Cystieercosis Cellalosa.— Since this is a group-specific test, antigen may be 
obtained from fluid in the bladders of various species of c>‘-ticcrci in domestic 
animals The technic is carried out as for suspected Iiydatid disca«c 


nccc^'^ary to use uninfected moUuscan-tissuc extract for the control. 

Olistlr Gonzales and Pratt {19t4), testing 90 iwrsons infected with S. mansont, 
obtained 100 |xir cent poMtivo skin reactions and no false positives. These workers 


1947). .\hcs and Illair (194G) state that ocrcanal antigen prov ides a higher degree 
of accumc) than routine microscopic examination of stools. 

Wright, Hoiiccvich, Ilrady and Ifauman (1947) failcil to elicit any iiositiic skin 
rcactioiH III .Vmcricati mihtar)* |Ktsonncl cx|)oscd to scIiL'tosomiasis jaimmca on 
Ix-ytc, P I Late in 1944 and early in 1943, four to five months Iicforc the tests were 
riinducteii Ifowcvcr, ^of 25 natives chronicaHy dl with the disease gave jHi'-itivc 
Icvti The antigen vvas prcjiarcd from adult S mantoni and was cmplojcd in a 
dihitiiin of 1 1,000, diy weight Isisis This might suggest that tlio intraderma! tc't 
in schi>to'onua*‘Ls does not develop until the infection l>ocomcs chronic. 

Tnchiaotii. The intrademial tc't is a valuable aid fordiagnoMng infection witli 
rrii'liin<//<i fjiirahii It h (Kirticularly helpful in mild cases which have a liL-tor>' of 
vague s>niptoins The following adaptation of the Haehinan technic (1925) vvas 


the material U mg kept at 37* C for five to twelve hours and shaken from lime to 
time The iligc't w then jujuretl thnmgli sw lajcrsof cheoe-cloth, dilutctl with an 
npial amount of water and allowed to stand m a graduate for two iinurs. The 
up|K;r lliinl of the liiiuid h virawn off and rcplacc«l with wnnn taji-watcr. TIils 
pn>r»sH H ms or eight times until tlic sojicmatant fluid is clear. The 

punliisl nukterul h lift in a -CHiimriilatum glass overnight and next inoriung is 
pLued in a P< In dish, allow «1 to dr?* and then transfcrrevl to .a licakcr with ctlicr to 
tviiiiive IijKuds. After twenty-four lanini tlic ctlicr w removixl from the (op and the 
tfsidiie ilriisl in loruo over riil|ihimc acid for forty-eight hours. The dry )ield is 
puivi ruisl m a rleaii dr>' m«rUr ami kept in stcnlc ampules i>rdis.s4)he«l in Coca's 
or MiCo>'s Milution, I to JDO j«i1h W weight Tin* latti r constitutes the st<*ck 
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solution For iutradermal tats it is diluted I to 50 to secure a 1 to 5000 dilution 
This IS kept on ice until used In the test, O.I cc. of antigen is introduced intra- 

cutaneously on one forearm and an equal amount of the solution lactio- „„ 

IS injected intracutaneously on *’ ^ j. 

clinical or subcllnical in ty{>e) a 
the injected site, surround^ hy ; 

5 cm diameter. The reaction iea<!np.s it« 5 ninvim..-, ; t t • ^ 


I . . d.u|/|>i«:uKiii Hie mtradermal test with a precipitin test 

(vide supra). 

Roth (194G) rejiortethat in two outbreaks of trichinosis inSneden in 1944 the 
mtradermal reaction witli an antir^^ t i • • • extracted 

s,” but failed in 


: — . ... ijavu jfOMHVc reactions at the onset of s>'niptoms and both 

j?rouj)S show cd as hipii a jierccntagc of immediate type of reaction three n ecks later 
as when tested three and nine weeks later. 

Filariasia.— This !.«. a group reaction, although more leliable and more delicate 
reactions occur if the antigen is prcjiared from filari® of the same species as that 
which is suspected to be present m the patient to be tested Satisfactory results can 
be obtained from antigen prejiarcd from adult worms or microfilaris. Commonly 
antigen la prepared from the dog heart worm, Dirofilana immiiis. For testing 
Wuchercria bancrofli Taliaferro and HolTman (1930) used 0 023 cc of standardized 
solution, but Fairley (1031), who confirmed this test, used 0.25 co of a 0.1 per 
cent solution. 

Bozicevich and Hutter {1044) have used a precise technic with Dirofilana xmmiUs 
antigen for testing infection with Bancroft’s filaria (Tl'. hancroJXx). In preparation 
of the antigen Imng adult D tmmtfis were obtained asepticaliy from the right 
ventricle of the infected dog, were washed in sterile physiological saline solution, 
tlicn m sterile dl^t^llcd water, then immediately'' placed in sterile test tubes and 
frozen w ith dry ice. The worms were then thawed, cut in small pieces, ground niois 
111 a mortar, then dried m a desiccator and finally reground Extraction was carrie 
out m physiological salt solution 1 to 100 parts by w'eight for twenty-four hours in 
the ice-box The m.'itenal was then frozen and thawed twice, then meuba c a 
50° C. for four hours with occasional shaking. It w'as next centnfuga ize a 
15,000 rpm for fifteen minutes, fractionally steniizedat56®C. foroneJioura 
tested for bacterial sterility. Finally 0.03 per cent phenol was added for , 

tion. When this stock antigen -was needed for mtradermal tests it was i 
1 to 8000 w itli physiological salt solution. In 25 piejiatent cases of tfie ' 

u.'-ing 0 01 cc of the diluted antigen positive reaction was obtaine ^ , 
in fifteen minuter ' ‘ ■ 

excess of tlie cont 

with this dilution, - — - - • 


m the tested individual . . iga }oa 

Chandler, Milhken and Sclmhaidt (1930) 
infection, while Rodham and Dubois (1932) used • ^omis. The 

Loa loa extracts as antigen to test infection with these two formation 

immediate reaction, characterized typically by a diffuse ery’thema^'^^^^ 

and pseudojiodial extensions, co\*ermg an area of not less tn * > 

reading the test, whicli has an accuracy of at least the 8oiith 

During the epidemic of Bancrofts’ filanasis among America 
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Pacific area serological and immunological tests were carried out on many hundreds 
of indmduals who liad early clinical roanifestations of the disease before the jiarent 
worms had matured and were sheddmg microfilaria;. Antigen prejiared from 
Dirofilaria immitis was employed by Huntington, Fogel, Eichold and Dickson 
(1944) and seicral other groups for intradcnnal tests, with an ajiproximate 90 jjcr 
cent positive diagnoMs. More recently Wharton (1947) used similar antigen in 
skin-testing 2ln e.\i)oscd individuals in British Guiana Employing the antigen in 
1.190,000 dilution and with diluted negatue dog’s serum as a control, Wharton 
obtained 89.8 jier cent jioritive reactions, j.l per cent ncgatncs and 5.1 per cent 
which were cquiiocal Of the 29 ca.ses with elephantiasis 26 reacted positiicly, one 
was negatue and one was sensiti\c to dog’s semm. 

Skin testing of individuals in the Onchocfrca-endemic area m Guatemala by 
llozicevich d al (1947) with antigens prc|)ared from D. immilis, Sclaria eguino, 
LtlomosoiJcs rnnnii and 0. folmlua demonstrated tiiat the 0 iofiu/u.i antigen was 
more sensituc and more sjiecific than the others, while D. immilis came next in 
producing .satisfactory results. 

Ascanaais.— The test consist-) m placing a feu drops of body fiuid of .Icraria 
liimbrtcoidcs on a scarified area of the sUii. In semitizcd individuals there is an 
immediate local reaction, consisting of an cr>thematous wheal at the site of applica- 
tion, and fr(,'fiuently c\ten'i\c l>mphatic and s>slcjiuc invohement. The more 
alarming symptoms disspiwar iii the course of an lioiir or two hut generalized edema 
may |x;rsi't for Mine da>s It is imiKirtaiit to note that .Ucoria-sciit-itization docs 
not ncccvvinly mean infection with .tarona at the time of the test, but may l>c the 
result of a [ircMous infection or, in the case of workers m a laboratory, merely 
contact with frcsli or pa"cr\cd worms (itaii'sun, Iiam*on and Couch, 1924) 
StroDKTloidUaU.— The application of |Miwdcrcd .Slrongylohlcs to a scanfied area 
of the skin priKluccs in a few miiiatc-san urticarial whc.i) in ammaks ix>siti\c for this 
worm, ocn in cases of very light infection which require culture nietluxls for diag- 
nosis (rullclxirn, 1026) 

Ilramioii (194.1) utilized as antigen washed filanfonii lari a* of Slroiigyloidfs ol>- 
(aincd from cultured feces of a naturally infected chim|>anaec. The larNU* were 
ground up w ith emery ]x>wdcr, and the antigen extracted in Coca’s dilution, dried 
to jHiwdcr form, and then diluted 1:100 in Coca's solution. .Similarly prejxircd 
antigens fniin hookworm lar%a;and liactcru in the original feral s^iccinicii K'lxcd as 
controls .\]){)ro\iinatcl> 4 million larva* produced I.'i to 25 nigm of {lowdcnxl 
antigen The jxiwdcr wasdisMihcil mCoca’x Mihition to make a dilution of 1 1(X), 
which wastleinonstrateil to lx; lactcriologically sterile. An amount of 0.1 cc.nf this 
dilution was then cnipkoed in making the miradcniial tests, which were carrinl out 
on 2.5 mdnulu.als with chronic s|nmg>loidia.s|s All jinuided jxisitivc rractioiis, 
while all contnils were negative eveept for one ^uf^erIng fniin Kiverc cvfohativc 
liiTinatitiH nnd one inorihund iiidividiial (nrannon and Faiist, 1049). 

1 Precipitation Reaction, -ThU is ;i noii-'iKs ilif ti-st due to the excess 
of seniin euglohulin el.ifxinifecl in the aniin.d liixly in the presence of 
irrt.iiii dise.isc'-pnxliiciiig org.inisiiis. In IiitJi.) .ind Cliin.i It h.is lH*en 
iitili/csl .is a pa*siimptive tc*sl fori'a-sescif Ldu .iz.ir. It lii.iy be conducted .is 
.III .ddlivile (hirniol-gel) tc*t (Napier, MtiJ, HIM) or.iprcc-ipitation rcMction 
(.N.i. 1921. l'.»21) 

The Sapicr im tlii«l isaAfoUinvx. One drop of 40 jut cxtiI formaldiIi)de tsaJdcvI 
to 1 cr of |i.kti(nl'K hliMxl Mnnit in a test lul(e, afur which the mixture is well 
sLvkcii ami is .nllowtsl to ^tam^ al nwni teniiXTature. If tlic reaction is jHkvitive, 
u ithiii 5 to .>() nuniitt s it lieroim*s mJiJ and «>|ta<|ue. 

Till* .“-uv 111) tlexl i> .-IS follows Twiiity nihir miUiiiii t« rs of the jwtUnt'N hhxxl, 
.I'i 



010 


IIELMINTU PAHASITES, THEIli EGGS AND LARVJ^ 


drawn into a Sabli liemoglobm pipette, is exiielled into a small te&t-tube containing 
O.G cc. of distilled water and gently a^tatcd until the two parts are mi\ed. The 
tube is observed at once and at intervals of fifteen minutes, up to one hour. An 
immediate clouding of the water indicates a positive test. Sedimeutation of the 
fiocculent precipitate within fifteen minutes indicates a ++++ reaction; within 
thirty minutes, a +++ reaction; within forty-five minutes, a -b+ reaction; and in 
one hour or longer, a reaction. 

Faust and Melcney (1924) found this test positive in schistosomiasis japonica 
patients free of kala azar, while Faust, Jones and Hoffman (1934) obtained eight 
positive tests m eleven patients suffering from chronic schistosomiasis mansoni 
in Puerto Rico. 

In seriological tests of 104 schistosomiasis cases on Leyte, P. L, Wright ef al. 
(1947) obtained positive reactions in 77 3 per cent of 75 military personnel and all 
of 29 Filipino civilians (chronic cases). There were 11 of 70 individual not known 
to have schistosomiaijis who gave positive tests. Lai (1924) and Khalil and Ilassan 
(1932) have obtained positive findings in other cases of schistosomiasis. 
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INTERMEDIATE AND RESERVOIR HOSTS INVOLVED 
IN HUMAN HEL:MINTHIC INFECTIONS 

INTRODUCTION 

PfcKUhAL of the foregoing sections of this volume will indicate the con- 
siderable number of in\ertebrate and vertebrate animals whicli serve as 
intermediate boats of human helminthic infections. In some cases, as in 
some of tile tapeworm and in many of the nematode infections, and also 
111 the blood /luke infections, there is only one intcrmciliate host. In other 
cases there are two successive intcnnciliate hosts required before the 
organism is ready to enter the dcfiniti% c host. In the former case, w ithout 
exception, tlie intermediate host is always an invertebrate. In the latter 
case, the first intermediate host is always an invertebrate animal, but the 
bccond intermediate host is in some instances an invertebrate animal and 
in other instances a verteliratc. It has sccmctl desirable to collect the 
information rcganling the rcsiH“ctivc intermediate Jiosts involved in these 
infections and jirescnt it in brief systematic form, so that the reader will 
hav e some idea of the taxonomic rclatiunslitps of these hosts. In practically 
n • • ’ 

* ; ■ 
Cl 

si • : 

u, , . • . 

have been provided to hel|i the student, who is not familiar with the 
irivertehrate groups, to recognize at least the family arid in some cases the 
generic characteristic's of these organisms. The vertebrate forms are so 
imieh more diversified tiiat it Ims not scvtnid wise to provide similar 
illustrations for them 

INVERTEBRATE INTERMEDIATE HOSTS 

Willi rare excvptii)n.s (i. e., st>ccies of lirauchiobdelluhe [oligochete 
annelids) wliidi serve as first inteniiediatc hosts of the kidney worm, 
Diiiclojihymii rnuilc). llie Invertelinite aiihnals serxing as intcrimxliate 
liost.H of hmiiati lieliiiinlhs belong to two large phvla of the Animal Kinedom, 
the Arthropoda (in-ec-ts and their allien) ami llie MoUusca (snails ft al.). 

I The Arthropod*.— Tlie arthrojmdn arc bibtcmlly symnictnca! Metaros, witli 
a ‘'iKxly easily” (tccliiiirally Lnomi as a licinocelc), k-juuciiIcsI 


|B. I _.L,..,,_a. 

^iit>)ili\liiiii CRUSTACEA IVioant, 1777. Tlos of iirtrrtehraton c<riisi>U 
of fornis liaving tj jurally g i«irn <»f imsital, anUniitform ai'j*n<Lspi-< aixi al It.a.st 
.5 jssipt «.f |)..«t4iral ni.iiciiiJ.sKM actiiiR as jawi*. T!icy are cJii* ainwlie anil J.natlic 

(Ml) 
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entirely tltroiit;h Tlie important iiitcnnedwtc Iiosts of Jiuuiaii IieJminfhs 

UeUniK to a hinj-le clav^, tlie Eucrustacea Kiiigslcy, J894. 

C lavs, EiitiMstacea. Isins'^lcy, 16D4. TIi'm i.s a large grouj) of small Crustacea, 
winch are fre^h-water or nmnne sjrccicx, free-living or parasitic in habits, and arc 
usually considered of economic miixirtfflncc because they constitute the essential 
fotKl supply of many food fishes of tnaiu There arc fisc recognized subclasses, vu , 
Brachiopoda Lamarck, 1801, Ostracoda I^trcillc, 1802, Copepoda Latrcille, 1802, 
Cirripedia Ilurnieistcr, 18.'14 and Malacostraca Ijitrcillc, 1802. Specicswhich scrs'c 
jiH intermediate hosts of human helminths liclong to the Copepoda and Malacostraca. 

.Subclass Copepoda Latreillc, 1831. These arc forms in which the body lacks 
a carapace, they consist of lx>tli frt'e-lK iiig and parasitic si>ecic.s, the former being 
elongate, .sogmonfctl, and having cylmdncAl thoracic appendages; also possessing 
1 pair of maxilla* and 4 to 3 |uiira of biramotiit legs. Twoorders, Eucopepoda Claus, 
187.*), and Brancbiura Ihirmeisler, IS34, are recognized. Only species of the former 
gioiip liave been found to harbor huinati hchninth larsm. 

Older EUCOPEPODA Chills, 1875. 1'emalcoftbisgroupcanycgg-sacs. Compound 
eyes are lacking Two famihe.s of the Euco|)ciKMla arc involved m human helminthic 
infections, iiamel}’ the Oiaptomldsa Fars, 1897, ami the CyclopidaBurnicister, 1834. 



I'-aiiiil.vfl/.l/'7UU/a*'.Snrs., 1897. Tliclin.t|;airi>faiilemiicisIone,»™'“')' 
about ai long a.s the body, and coiii|H)'OiI of 23 to 25 .segments m ‘ 

antenna* of the malc.s are asymmetrical, the right being geniculate and moo - 
a grasping organ Several of the many recognized species of the type genus i P 
tomua (Fig 287) Iia%e been found to s^rve as intermediate hosts of human tap^ 
worms (Di])/njltobothrium latum, DrcjutnuloUenta lanceolata). (1 P - * 

“^'Family CYCIOPID.E Burmeisler, 1934. The a;i.l pair of antcnnic “ i‘; 

segmented, never being shorter than the ccphalothorax. The ° 

are symmetrically geniculate Tlio fifth feet are rudimentary, o 
The fcmalc)- carry tw o egg-saes ClasMficatiou of the genera and . c 

Is ba.sed primarily on the imniber of sognieiits and setal the 

.antnina* of the females the sfinrtiite of the fnrral ranii of the a > , , 


(Videp. STOandj) 548) crouo of the larger 

Subcla.s.s Malacostraca Latieille, 1802 Thi.*? w an e\t L, f .y-jically have 20 
(’iiii>taceii, winch usually ijoj-vcss iil>doii)mnI apj>cndage.s. of tiig thorax and 

segments, 5 cephalic, S thoracic and 7 abdominal, of w hic 
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entirely tlirouKli ^ilN. The im;)ortant intermediate of human helminth*: 
l)cl()nf; to a siiirIc cln«, tlic Eucrostacea Kingsley, 1894. 

Class Eucrustacea Kingsley, 1894. This is a large group of small Crustacea, 
uliich arc fresh-^\ater or marine .sjHJcies, frec■•li^'inp or parasitic in habits, and are 
usually considered of economic importance because they constitute the essential 
food supplj’ of many food fishes of man. TJiere are five recognized subclasses, viz , 
Brachiopoda Lamarck, 1801, Oatracoda Latrcille, 1802, Copepoda Latreille, 1802, 
Cirripedia Burmcistcr, 1834 and Malacoslraca I^trcille, 1802, Species which serve 
ns intermediate hosts of liuman helminths iiclong to the Copepodaand Malacostraca. 

S(/bcIflss Copejroda Latrciflo, 1831. These arc forms m M'hich the body lacks 
a carapace; tliej* consist of both free-living and parasitic species, the former being 
elongate, .segmented, and having cylindrical thoracic appendages; also possessing 
I pair of maMlI.n and 4 to 5 jiairs of biramotis legs. Two orders, Bucopepoda Claus, 
I87o, and Branchiura Burmcistcr, 1834, are recognized. Only species of the former 
grouj) have been found to luarlmr human bclminth larva?. 

Order EUCOPEPODA Claus, 1875. Fcnmlosofthisgroupcarrj’egg-fiacs. Compound 
eyes are lacking Two famihes of the Eueoi>cpoda arc involved in human helminthic 
infections, nameb’ the Diaptomidae Sars, 1897, and the Cyclopid* Burmcistcr, 1834. 


Pi(. 
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Family DIAPTOillD.HSm, 189?. The first pair of anicnnai i. long, commonly 
about as long as the body, and connwsed of 23 to 2o segments in 
antenna? of the males arc asymmetneal, the nglit being geniculate and mo 
a ('rasiimg org-in. Several of the many recognized species of the type genus tap 
tomus (Fig 287) have been foun<l to serve as intermediate hosts of 

worms (Diphylloboihnum latum, Drepanidolxnia lanceolala) (1 irfc p- 2 - u P- 


' Family CYCWPIBX Burmcrotor, 1934. Tiro fir.^1 pair of antonn® i" P" Ij'j' 

segmented, never being shorter than the cephalothorax The antenns o 

are symmetrically geniculate. The fifth feet are rudimentary, 1 to j p. 

The females carry tw o egg-sacs. Classification of the genera and 

is based primarily on the number of segments and -nj (he 

aiifemta? of tJie females, tJje stivcture of the ftircal rami of the fiist 

, /T- m Konmirn ^ (reiius 


. . ■' yrrnun Of IhC large! 

Hubclass Malacostraca Latiedle, 1802. This is an f tvoicallj' ha'C 20 

Clu^tacea, w Inch usualiy lIO^sc^s abdonutial appendages. tliorax at'd 

segments, 5 ceph.alic, 8 thoracic and 7 abdominal, of which i 
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aMomcii are distinct. There are tj-pically 19 pair* of apjieiulaRCs (."> cephalic, S 
thoracic and 0 abdominal). The division Eucanda Caiman, 1004 cntifains the 
Order DECAPODA I-atreille, 1802, >\htr)i is cliamcterizcsl by havini; a carapace 
coverinR all of the thorax, and includes all of the niecies of the firoiip which are 
involveii ns intemiodiate liosts of human helmiiitlH. The s|x*cies are commonly 
referred to as crayfishes and crabs In endemic areas in the Orient they live in more 
or less CIO'S; association with the molhiecan first mtennediafe host of Paragonimu^ 
uestermani Tlie cercariie of the fluke encyst in the Foft tissues of the crustacean, 
uicliidinK the Rills, hver and muscles. Mammalian infection is contracted almost 
c\clusively from catioR the raw or pniccsseil, but imcookecl, tissues of the crustacean 
host 

The crayfishes and lobsters belonR to the 
Tribe Astacides Dana, 18r>2, and are 


jKirtion behind the thorax. They are rtouixxI 
in two families. 

Family Hate, I8SS This 

Rrouji contains the lobsters, which arc marine 
forms and do not harbor human helminthic 
infections 

Family .UST.lC//;.f; Dana, 18.)2 (svii. 

Huxley. 18S0) ThisRroup 
contains the crayfislies \s[iich are fresli-water 
forms. Two Kiiecies of the tyiw Rcmis .Istactit 
arc m\oliod as sec<md intcrme<hate hosts m 
I’arngoniniu^ vc*tfrmnni infection m Jai>an 
and Korea (I'ldcp 2.37.) Sexeral eiiecies of 
llieRcmisC<im/>eri/i ha\e been found naturally 
infected with tlie inetacercante of P. kflhfolh 
in North America (I'ldcp 230) 

Tlie crabs liehuiR to tbe 

Tnlie Hn-sciiivnA l/'ncli, 1813, and arc 
cbaraetenicil liy liaMOR a fl.it IkkU*, a phort 
alxlnmcn, tail usually l>cnt under (he thorax, 
and a carapace fiisMl with the ciiistoine Tlie 
fresh-water sjjecies mvoUed m J’arngontmii^ 1 1« 2ss — Unmieyrroj-* /uirm ( - 
urstrrmnni infection Ik-Ioiir to the families roronniat Bun >, fpnislp 

PotamonidjB Ortinaiin, IS'Hl anil Orspside ' (Oriems > 

D.ana, I8.*)l 

I amily POTA,)tO\/D.P Ortmaiin, |S‘iii These are fre»h-water or at timis 
bracki'h-wnter emits wilh a hiRhly-sIcxel.ijK'*! nod swollen hranchixl rcvinn, and 
usually with a Pfiuansli Nsly Several species «»r tlie Renem Pntnmim {«iib(;rncm 
/’oMmnn and f/VolArfpAtM/i) and PanitAflpku’n m tlicJJinftsJajwticse arm*, and ttn. 
Fjtccics of Ptrufhlfiflpfiiita in VrnexucU hate Iwn mcnmm.alMl as soft.ml intcr- 
inrsfLatc fitets »if /' uYfffrinoni (I’ltfcp 237) 

Fanulv ft/lAP.SfP.E I).sna, Ih.*l ’Hie'e are fn-sh-watcr crabs hxMnc rtraicht 
or only rhehtlyarrhnl sides Thcrlut|s>f>f OicImhIv isMpnri'h orHiinn'hsixoidxl 
Sjtccics of the Renera niorAeiratid .Sftomn Imrlss'n incnmmalrsl a« ecrond itiler- 
mrsluate liiets nf /’ uvitlermoni in Jajnn (Fide p 217) 

Class InifcU I.innTU». I7.'»S Tliis Rrtnip mntains those arthr<i|>Nl< whieh 
liavT thrre pairs of Ihorane Iors and u«uall\ t«xi|nirsfif wihrs cm the thorax, whieh 
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5s composed o/ three segments, the pnthorax, mesotliorax and metathorav. They 
breathe by means of trache® The abdomen is composed typically of ten segments 
of whicli the terminal one if! modified for sexual purposes. ’ 

Order DIPTERA Linnaus, 1758. (Flies) The species of this order haveone 
pair of transparent wings and a pair of rudimentary wings (halteres or balancers). 
The mouth parts are adapted to piercing and/or to sucking. The metamorphosis is 
complete Of the three suborders, inteimediate hosts of human helminths all be- 
long to the 

Suborder Orthorrbapha. The flies of this group lack a lunula or ptilinum The 
larvae have a distinct head. The pup® are obtcctate. The images (adults) escape 
from the pupal cases through a T-shaped opening Most of the species of interest to 
students of human helminthology belong to the section Nenjatocera, but at least one 
species of the section Brachyccra is also involved as an intermediate host of hel- 
minthic infections. 

Section Nevatoceha Latreille, 2825. These forms have long antennee, compo«t?d 
of more than C segments, with all but the first two proximal ones similar. There is 
no arista. The discal cell of the "ing is usually absent and the anal cell widely open 
at the margin. Three families of this group are involved in human helminthic 
infections, the Culieidas, the Chironomid® and the Simuliid®. 

Family iitephens, 1820. (Mo.squitoes ) These species have a long 

piercing proboscis and a body more or less clothed i\ith scales or hair.«. The 
antenn® are provided with hairs in nborts, which are dense in the males and scanty 
m the females. The wings have six or seven longitudinal vein®, with tivo distinct 
fork cells but never with two distinct anal veins or a discal cell. The costa passes 
around the wing and is clothed with a fringe of scales Tliere are two recognised 
tribes of the subfamily CuUcin* Theobald, 1001, which concern helminthologists, 
the Anophellai and the Cullcmi. 

Tribe Anqpiielini. These mosquitoes have the palps of both se.xeR ns long as the 
proboscis, the terminal joints of the male palpi often being thickened. Tlie 
joint terminates bluntly. The thorax is elongate and cylindrical, rarely rounded 
The posterior (free) edge of the scutellum is evenly rounded The abdomen is no 
densely invested with overlanmnc scales. The laiv® lack an air-siphon but ha>e a 
conspicuous stigmal plate, 
of the abdominal segments, 
surface film When feeding, 

Many species of the type genus Anopheles are involved as interm^iaie 
human filarial -worms (iVuchercria bancrofli and W. mafoip) (i lue P 

^ Tribe CuticiNi In these mosquitoes the palps of the females are 
f . .-t aro iisuallv as long as, or much 

t 
1 


ncro/u arm »* - 

^fetwood, is«. 

very larce family »re a„,l on(cnn.v 

• refre- 
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qucntly forked. Tlie early stageHof the life cycle are pas.«ed in ^\ateror miid. Two 
specie^, CuUcoideH au?tem (Fir. 289) and C graAami, are of importance a® known 
intermediate ho'-t‘» of ..IfontAoc/ieifoncmo perslans in Africa, and C. furens a« the 
knowTi intermediate ho«t of Mantonella ozzardi in the Canhliean area. {Vide 
p 534 and p. 537 ) 

Family .8/ Latrcillc, 1804 (Gnats, black-flies or buffalo-flics ) The 
memi>eTS of this small family arc small, rolwist, humjvbacked flies, with sh ort 



I'ki ru/i<VK/r< au<^<nt. itit<‘rmc<i>at« lio^t of .1. /I'rtfotu in .tfrica, Klrml \ ip« (After 
J»l>line in Tran-< IlojalSor Top M«hI !!>*) 



tin ;'«l .Siwin/iMw liiimtiotufn, ifn|s>rlai>t mt«TTn«s!jat^ lirwt nf OnfhciefTm r>Jtulut in 
^fnrn il.pr«al Mrw (Sfirr Ciiflrf >n iUam •«<! \rrtiil*M. IVaftin- of in lli^ 

Tr.l i« I 


rtrauht aiilrnnT, mn*i*tins: of II joints and Uckinc lone lain* Tlic psljrs are 
•mall and innirxesl The winspi are Imiad and irlstiveK Lnrjre, and (he lees are 
rtout and UrRe Sjs^ies of (he Knui* are important a« intennwhste hrets 

of the human fiUnal wonn. Onff^oerrm t^rulut, in Africa (He 2^)). (pintetnsU 
ami Mexico (I'lrfr p .V27.) 

Section lliixoiKinx l!o«oiMf*rxi.» MtMpwrt, 18.TI Mcmlsrs «.f this frouji 
are rlLxractcnml lij tiavins sliort antenna- xiith tl:s>imilar joint* TIpc mi{«>rt.xnt 



tlt:hMIKnK JXFlXTIOX.s 



Order SffHONAPTEKA Latralle, 1825. (Fleas) Tins order contains those 
insects which have laterally compressed bodies with distinctly' separated thoracic 
rings. Wings are lacking except for two lateral, platc-like structures on the nie'^o- 
tliorax and metathorax. The mouth parts are adapted to piercing the skin and 
sucking blood. The antenn® are 3-jointed and are earned in a groove on either side 
of the head Metamorphosis i$ complete. Of the several recognized families the 
Fulicid^i Dolichopsyllids and Hystricbopayllida serve as intermediate hosts of 
human helminths. 

Family PULICID/E Stephens, 1829 These species have a small head with 
rounded top. The abdomen is never so sw ollen as to lose its original contour. The 
venter is provided with hairs. The abdominal teigite-s have a single row of set®. 
Members of the family are never tissue parasites The following species arc im- 
portant as proven intermediate hosts of cestode infections of man • 

Pulex xrntans, the human flea (Fig. 292), commonly found on man, dogs, cats 
and, at times, rats, throughout the world, serves as the intermediate host of Dipy- 
ltdtum coninmn and possibly also of Hymenolepis diminula;Ctenoccphahdes cnnis, 
the dog flea (Fig. 293/4), with a cosmopolitan distribution, is the intermediate host 
of D camnum and possibly of H dimtnula, while the related species, C.fehs (rig 
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the rat flea of 
295), an im- 

Family DOLICIIOPSYLLID/E Oudemans, 1909 In this family the head of the 
male i«i flattened on toj) There are no «tpme<5 on the head, hut always a comb of 





i 1(1 S'Lt .( |im<l of ClfiiitfffJiAJt-lr* MOM. It, larnd aI (' /rtu, lairral \ »>««. (After Alcnel, 
I'ntonwaloO' for Mediral Off.«T* » 



•■pim « on the iininotiim Tliere »rr three ante|iyc*.h^l hn<tle« on each »:de of tJie 
frmnle hut frrHjiictilly fn^rr in the male Tlie alxlonunal tergite* Jia\e 2 or more 
ri)»« of ret.r Xotoptijllus /(i»ei<ifHr (Fig S'**'.), with an e\len«i\r di'tnhntion in 
Tenn<erale Zo»e«, i« in\oUr«l a* an imiM.rtant intrrninlate hret of II rtirttnutn, 
while Orf>o7>»rt» irtrlA-imi !iei-n r\|ienmenlallv infeetrd wuh tin* tajiewonn in 
Kncland (()l.Ih^m. I'MI) (IW/p 2^7) 
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Family IIYSTRICUOPSYLLID^ Baker, 1900. In this family the frons is 
separated from the occiput ’ • ' • . ,t . , . 

to the base of each antenns ■ he species 

Cienopsyllus segnis has bee (Joyeux, 

1920). (Vide p. 297.) 

Order ANOPLURA Leach, 1815. (Sucking Hce.) This order contains those 
insects with a proboscis consisting of a fused labrum and labium, armed with 
recurved booklets, and containing a hollow extensile sucker formed by the mandibles 
and maxillm, adapted for sucking. The antennm are 5-iointed. The thorax is 
practically unsegmented and there are no wings. The legs have terminal claws 



Flo. 295 —Larva of X cheopis (After Bacot and Ilidewood in Martini. Teat-book of Medical 
entomology ) 



Fig 296 —Head of Noaop^vHui fatcialut; lateral View. (After Alcock, rntomology 
col Officers J 


adapted to chnging to the hoat. The last 

nolle and notched m the female. , ® i"' i^jiicaectoparasilieo” 

have 1 

Order MAIiOPHAGA Milzsch, 1818 Zi'jSVnd'mlli 

small siee and wingless, are provided . one or too clao». Oku 

"?thet;tTr"=h: 

297.) (Vide P‘ 28V.)- 
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Order LEPIDOPTERA Lmnjeu«, 1758 (Motli* and buttcrflie«) Thi« order 
comprises tho'-o forms wliich lia\c two pairs of membranous, expansive wings, 
clothed w ith scales. The mouth p.arts are adapted only to sucking SictamorphoMs 
IS complete. Sex'cral species of the suiwrder Microlcpidoptera have l»een inenmi- 
n.ated as interme<liate ho-ts of llymenokpis dimimda. The hrx’al stage of the tape- 
worm is ncquirerl by the larval lepidopteran, which has chew ing mouth parts. Both 
the larval and adult lepidopteran may serxe ns |»s.«ive transmitting agents of the 
parasite. The s|)ecies found to harbor the larval stage of II. diminula include: 
Pj/ralisfarinnlm (the "meal-worm”), Aglossa dimidiala and^lji^omin gularis of the 
family Pjrralidse, T’lnrn grnncUa and T. jxUiondla of the famih* Tineida. (Vide 
ri. 290 ) 



Onlcr ORTHOPTERA Oliver, I7S0 (?) (Grav.ho|>j>ers, crickets, cockroaches, 
canMgs, etc ) This order c(m»i't«<)f forms Im mg thefir-t jviir of wings leathery in 
consistency niul forming a covering oxer the soe<md jvxir, which are membranous 
The mouth jiarts are adaptoil to chtwsing There is no pupal Mage. 

Tlie MilK'nliT Saltatoria cfmt.’ims tlio^ forms which ha\e legs nf unetiual size, 
the hiiwl femora l>eing enbrge*! f<*r leaping Tliej conipn'S' the grav-iioppers, 
J(»eu*ts and crickets Seieral »>jirfjes of fins gnmp are Linal ho-ts of gfirrhncran 
woniis, which are at times accidentally inge-t«l hy man 

Tlie i>td"mler Coriorta c«mtams forms which h.aip legs nf approximately 
eipial MIC and not adaptoJ to leaping They eoiupn'c the rt>rkmarh<-s, praxing 
iii-s-cts ami stick in“oe|s The cockrfwcl»rs are imjsirtant intennrshate ln»-ts of 
ciTtain helminthic infectious 

ramiU Meplipos, 1^20 {CVickrt«rhi*s.) The-e ‘js>cies Juair a 

verx large pronolum which often r<meral« the liead Tlieir lin>.ad oixn- eoicr the 
\eiitral Mirfaco of the thorax and the la's- of tlie alslomen The riwries of this 
famiU which Kale liccn fi'Und to »erxe ns interme»kate hci»ts am! or mecLanieal 
lecfop* t'f human helminths mclwle 

/VripMncf'i neicTiconii (I'lg S'tS), r«»»mop«*litan m di«lnbiiti>>ti, intenoe*hate h«>*t 
of (fieiinif/u, Rdilltilitui ntiditgnvnrirnt>i (?), jiutfkrum, 

and .tfe»ii/i/i'rnii» neai/i/rirnr*, and aeetor* •>f .t»crtrir, rricA<irT;>/<i/»t and Ertrrn- 
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lilatlella gcrmmuca (Fir. 2fl9), co«inn|M)litaii in distribution, intermediate host of 
■ ’ " ’ ’ ’ ’ vectors of /l»c/in'8, Trtrho- 

TTieiliato host of M. mom- 
/'/omii, and probably a mechanical \ector of several helminth ejiRs; Doryliea 
rhombifolia, in Asia, Africa ant! Hawaii, meclianical vector of A*cnri8 and Trieho- 
cephahi^ crrs (rit/e pp. 340, 373, 467.) 

The suborder Euplectoptera (order Dermaptera of sonie authors) comprises 
eloncatc insects, ha\nnK the forewinps modified into verj' short, leathcr>* teRumenta 
and bavinR the caudal ccrci uniointeil and usually modifier! into homy forceps 
They are commonly callcil ''carwipi.” One p|)ccies, .4ni’8o/n6i8 nnnidipei, is tlie 
iiitcrmedialc host of Ilymenolepin dimxnuta. 

Order COLEOPTERA Linnams, 1758 (Beetles) Tliese are insects which 
have the forc-wmes modifietl into horny or Icatlierj* elytra, which almost alwajs 
meet to form a i-traicht mid-dorsal Future, and liind-umRs, either membranous and 
folded beneath the elytra, retlucctl or wantinR Tlic moutli parts are adaptctl to 
ehcwinu Mctamnrpho«Ls is complete. ThcRroiipisa ^erj* larpconeand comprises 
thousands of n>ccies. The larva* of many Fjiecies of beetles become infected with 


(’) 

Scries Ciamcoiims (ranulv TKXEIfRIOXID.E I^'ach, IS17) This is a aery 
la rpe family whicli i« co'nio|)olitaniu di'trilmtion,«ome «j)eeies!i\inE in the Rroutid, 


.Ui8 ffpinniti, iiiteriiKHhatc host of HymfnMejn* dinunuin (I’n/r p 297); 

/f/rtpt njifx-ndieutnln, intermediate host of Congijhnnnn pidfhrutn (I'ldr p 48.*>). 

lilnp* gigna and // oinernnoM mternxslLale hosts of .Uom/i/orwiM morii/i/ormM 
(rit/ep 339): 

.^ertr/ri/s uitermfshate lust of // dimiouM (t'o/e p 2**7), 

Tenfhrto mo/der Aiiil T o/<irurHs, tnterinediate luMsof U .d\nnnula (I'lde p 2tl7). 

TriWii/m ruiMnfHm {\el 7' ftrTugmfuni), inferiiie*l>.ate luet of // (/iminido 
(VuR p 2*17). 

(,7owti/i pimienrTiif, iiiteniHshate host of // </>min»fa (Vnlr p 2*17), 

Omnphliia rign^icollia (Fanuly Al.LECl’l.lO.E), mteniusliate host of tffirrnruri- 
Oinrh'ftirhua hirudinnmn (I'l/fe p 337). 

Senes poi.miiiwis (Family DERMESTIH.E) 

Drrmrxtfa }>rriittanun ami /) rt/fporus. h.aar lus'ii mrnmmatisl n« intermr*liate 
lio-tsof// diminoM (Fo/r p 'J*!? ) 

S<*nes Fmcksitims (I'nnuly IIVDROPIIIEIIKK) 

Tropit'frtiu* folluria luas iM-en torriminate<l «« iiitr nursiLale liiet of U hiniditjo- 
rr,n iVuirpXV) 

sp has Nvn hMind 1«> Is* an inteniushate host of dony/loTiimn 
puRI.ru,,, (Fid. p4W) 

Ss-rir-s ('mmouim 1 (Familv 

.tn<if>ii/»n j-inierijfrt li.a« Uvn •orriiniiiatnlMsmi inttniiediale ho*t of ihminuln 
(Fidr.p S'lT.) 

.*vr»es (Fanuh S(’ARAH.E//>.i' J^rh, ISJ") Thi« eiffrnirlv 

Utf fatiiiK r«>inpn«<s. lliox* Ii.a\iii4 luchU difTi n iitLat«sl aiitrniia’ of a 

hnirlUte, flub tvjs*, lxsl\ ior<i|nl>leof Uins r«»U«>sI up. 1.x« joint «l, tlu* first |rtir 
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beiriK sometimes wanting. The elytra usually fail to cover the abdomen. Th 
lan'flJ of a large portion of these species live in the ground, or feed on decaying vege 
tation or dung. The adults are frequently omnivorous. Species mcrirainated a 
intermediate hosts of helminths of man include. 

Amphimallus sohiihalia, intermediate host of M. hirudinaceus; 

Aniso'fiiQ segeinm, intermediate host of M. hirudinaceus; 

Anomala I'itis, intermediate host of M. hirudinaceus; 

Aphodius dislinctus, intermediate host of II. diminuta, 

Aphodius fimelaHus and related species of the genus, intermediate host of G. 
pukhrum. 

Caccobius sch^eb€T^^ intermediate host of G. pukhrum, 

Cetonm aurata, intermediate host of M. hirudinaceus, 

Dihboderus abderus, intermediate host of M. hirudinaceus, 

Epicometis hirla, intermediate host of M. hirudinaceus; 

Geolrupes slercosus, intermediate host of H. diminuta; 

Gromphas lacordairei, intermediate host of M. hirudinaceus, 

Melolonthn mdohntha, intermediate host of M. hirudinaceus, 

Onihophagus taurus and other species of the genus, intermediate host of G. 
pukhrum; 

Phanxus splendidulus, intermediate host of M. hirudinaceus; 

Phyllophagafervida, F. rugosa and P. vehemens, intermediate hosts of M. AiVwdi- 
naceus. 

Polyphijlla Julio, intermediate host of 3f. hirudinaceus; 

Scarabsus sneer, intermediate host of il/ hirudinaceus; 

Strategus juhanus, intermediate host of HJ- hirudinaceus; 

Xyloryctes sati/rus, intermediate host of M hirudinaceus (V'ide p)>. 207, 337, 48 j.) 

Class DEPIiOPODA Latreillc, 1802. This class comprises tracheatc arthropo^ 
in which there is a head, hearing one pair of antcnnie and /a«s, and a 
up of a number of similar segments, each of which, with the exception of 
three, bears two pairs of legs The genital apertures are situated 
anterior end of the body. These arthropods arc commonly called “mimpe ^ 
Species of the genus Julus, as well as Fontana virginiensis, have been foun o se 
as intermediate hosts of Hymenolcpis diminuta (Vide p 297.) 


E. The MoUusca.— Tlie molluscs (Phylum Molluscs IjnnOT, I75S) ore 5W«- 
zoa, which have the common characteristics of being fleshy organisms lac 'mg- 
mentation, of ha^ng a reduced celom or body cavity, and of haying, as a , 

which freaucntlv takes the form of a shell. tj,e 

' soda 


• man 

' by 

trematode parasites m tiieir iijieiiiieum..i. *.o.c “•* that bivalves 

fresh-'vater or amphibious snails, but m rate imtances it seems 1^ ly 
serce in this capacity. In general, the Kastropod Juf ^ 

■T, 1 — ii fr.»rr.e tvfii/’ii ao ooerculuin, and those breath g J 

. , ■ ■""‘heWaoJcl.aractcrM.CJoilj;' 

• ilarly 
c flic 
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Class GASTROPODA Cuvier, 1798. Tliis group con^Ms of forms A\itii 
a« 5 'mmetrical organization, with a well-developed head, usually bearing contractile 
tentacles, and with an external shell which is spiral coiled, at least in the larval 
stage. There are two subclasses, the Streptonenra and the Eathyneura. 

Subclass Streptonenra Spengel, 1881. In this group the visceral nerve com- 
missure is twisted into a figure “8.” The species are usually diecious There arc 
two orders of this subclass, the Aspidobranchia and the Peetinobrancbia. The 




I'lo. 300 



I K." .100 ami 301 — tlic family lie 300, ,Ur/flntn Antnan/n- 

«>« (A(l<*rt\alkprin lAU*tan<i Ktiav.Am Jour. of lUcirne 1 1 ‘ik 301, .Urfonovfr* (nonno 
(After AnnAmlalc. I’raohsd and Krmp, llrs^nl* of tli<* Indian Mu»cum ) 


Order I’l (Tix<»nlisNniis Cusier, 1R17 Tlicrr are two “ulxirdcn*, the 
Stenoflotta, rharaclcrixed by Iminga pn’lx>M-is, a jvillisl >'i]ihnn and a "(loison 
glsnd," ami the TKaloflossa, rhnractrnzfsl by the nlivnce of thev* organ*. Only 
the Isttcr group rontnui* human fluke infeelious 

SiilHirticr Teniojloiia Tnrvhrl, IRftG There are two Mij>erfamilie«, Heteropoda, 
w ith a htrmlh fbittened foot and adapted to sw immiiig, and the Platypoda, w ith a 
\rntmnv flsltonrsl foot and ad.spte*l to creeping. 

.‘^111‘erf.smily I’lATTi-ons. Tlierean* many faiudies|>clonging to Ibis superfamily. 
Orl.sin of fhoM' cont.sin sjiecirs which serse 8« the mlcrmnlialc hrets of human 
lmnat<»lr^. 

ranuty MEl.ASIID.E Oray, IMO. (Fre^h-waler fonn« ) Tlic mcml'cn* of thi« 
group ln\e a luoad snout, hollow nl mit in front; M-jwrate tentaflc«, at the Ka*e of 
whirb are found tbe|irshinruLalc»l ears, a short fi«it, pruMdoil with furrow cal 

iiwrgms, a inantle, winch is fringcal or festooned, and single, Irafli itctl gilN, winch 
an* »t.Atninar\. The »!icll, which is itsiia]|)i darkly eolonsl, js dc\ln»lly wouii'l, 
lurnrsteil, u«uaUy innK-Tforafc, ami •■ften rn«lr«l at tl.e ^nmmil, cWnIj rut or 
miuo'is at IIm* l>s*e. and pruMdeil with a ffurr~cent, liortn o}w*iTtilnni H.aduU 
jwit terns are illu'tfatnl m Kj^s oiVIand 301. Siies-ici r.f two grrirra of this family. 
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V 12 ., Semisulmpira and Tarebia, and possibly species of other genera of this family 
are necessary intermediate hosts of Paragonimus icestermani and several species of 
hctcrophyid flukes. { Vide pp, 227, 229, 236.) 

Family CERITIUWS FJeming, 1828. (Fresh-ivafcr forms.) The members of 
this group have a broad, short, contractile fostnim and widely separated tentacles, 
with short pcnduncles on their outer aspects, bearing eyes. The radula is long. The 
shell is many w horled, turricated, frequently tubcrculated or spino«e. The opercu- 
lum is horny, spiralled, with a central or sublateral nucleus. One sjiecies of this 
family', Pironella ctwiico, is the first intermediate host of ]lclerop}iyes hekrophyes in 
the lower Nile Valley. (Vide p. 22-1.) 

Family A^fPULLARIID/E D’Orbiny, 1842. (Fresh>\\ ater forms ) The mem- 
bers of this group have a snout dmded into two l^ntacuhform processes; twohng 
tentacles witli a pair of pedunculated eyes at their outer base; two cervical append- 
ages, of which the left is modified into a siphon; a branchial chamber divided by a 



Fjo 303 — Hotlula pattern of the family Atnpullantda*. (Reprinted by permission from 
"Fre’sh-Water Biology” hy Henry B Ward and the late Goorjce C. Whipple. puHiehed “V 
John Wiley & Sons. Inc.) 



liu Pio 30i. 

Fjob 30d and 304 —Radula patterns of the faroity Vivipaiwlie. (FiR. 303 
uorniission from ‘Treah-Water Biology” by Henry B. Ward and tho lato . wr 

published by John Wiley Jc Sons, Inc : Fjg 301. after W'alhcr in Faust and K i . • 
of fryRioiie ) 

partition, with a single large monopectinatc gill and a faniall rudimei^ary gdl o” 
Tight and a “lung" on the left. The radula pattern is illustrated m * 'S , ^ 
large, turbinate, umbilicate, provided with a large oval ® 

horny operculum with excentric nucleu‘i. Se^-eral species of 191 - 19 j) 

to be second intermediate hosts of species of FcAmosfomo 1' i ' 
and ilmpy/larin luteo^toma is reported to be the inollu'^can hos 

Soms.) Animal . 

“di- 

17.) 


r 


ers 


m (Frcsh-.valcr forma) '"‘f' pednnto 
; the tentacles are clongole •„»(», 

latcd eyes on the outer aspect. Shell of moderate to '"B" sorfaw 

imircrtorato or subperforate. Opcrculom homy, stronW 
The radula pattern is illustrated in 30.3 and 304. 
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Siwcies of tins family which are reported as moIlu«can lio«ts of trematodcs of 
human interest include: rjinpnrMS nnparua, second intenncdwto host of ^^cAi'nos- 
toma reiolvlum {vide p. J94); and Cfropafra buUmnoides and C. cydostomoides, 
intermediate hosts of Gadrodiscu^ argypHaeus, Egj'pt. {Vide p. 170). 

Family RISSOID^ 11. and A. Adams, 185S. (Iloth fresh-water and salt-water 
forms.) The members of this group Im-c a simple or transversely cleft foot; long 


basal denticles. Only frp«h-watcr forms arc involved in hum.Sn frematode infec- 
tions Of the five or more subfamilies only the TncuUna, the Bitbyniina and the 
Pomatiopsinre concern hclmintboloRists 

Subfamily TrievUnx Annandalc, 1924. Tlic shell of these species is conical, 
comdal or turrieated and slender; the operculum is 
small, thin, horny and capable of being drawn into the 
interior of the phell The raduha patterns arc ilhi«trateil 
in Fig 30.)/l , B, C. There are tw o closely rcLatisI genera 
of this Mibfnmily which serve as the intermediate host 
of the Oriental blooil fluke. Tlic shells of both tyi>es 
have a thickened jieristome Tlie«c forms are amphi- 
bious 

The species which arc the molluscan lio^ts of 
tosoMin japomeum include. Oncemefnnirt Aupcnsia, hav- 
ing prominent longitudinal ridges on the ehell, the 
Yongtre Valley, China; 0. quadrant, Philippine I«!ami«, 

0 no^ophora, liaving an elongate mootli ahell, with 
eight w horN, dapsn, and coa.<tat Chin.i fmni Fhangh.ni 
to Canton, 0. /ermo«<jna, hav'ing a fihel! fomewhat 
shorter than K. notfiphora, with ies.s than m-vcii whorl*, 
lacking cstemal Mulpturing, Formosa (tWr p. 14.'; ) 

Thertatiis ofO. {Kaln\inma)S<iu»U, 0./oM«fi var.ron- 
tofii. (} yioi, 0. fon^i, etc. of Il.nrt«eli (I92.'»-I939) m 
unsottlrsl until more careful Miidy c.sn Ik* made of 
the rehtion«Iiips of then? form* in China 

riilbfnniily lUthynunr Sfimirsm, I8<V» The rhrl! of 
thr*e fivcics is ovate or ruliglolKiM*, smooth to the 
tiakisl eve or with ►piral riilges; the operciihini is thick 
anilc.slcareous, wholly ronrentnc or with nunsH rent ral or *ulKTtitrali‘piral luirleiis. 
The lu»s are rhsrp or more nr Ws tliickriie<l and reflerteil The renlrat to'ith of the 
mdiils luss reveni bsssl ileiitieles Tlie nduls jiatlerns are lUii'trateil in Figs 
Xn>\ 307 an*! 30S 

Hiwries of Varofinfnndue, Iluhmu^ and .Iforinm/i h.ave l)ern found to Ik* fir*t 
:iitrniirtli.vte hr^l-s of C'lnntTfhit vinrnitf (ndc p 214), ao'I Irncht of Opm- 

thnrchit fflmfus in Prussw, 

, Subfamily J'cmniiop’tnx, Memliers of this group Irtve a foot divjdevj by a 
trvn*vrr*efulni«, ami a VTrv" Iungenout Tlicrheil is elevated ami tiirretrsl and the 
ojs rniltini is rul»*i'iral. Tlie •{■'ci<*» are fmind near, hut rarely in, fresh w ater. 

/■ipu/itrirt is the first intermeiliate hf»*l of J'nrogonimuM IfUirofli. 
r .\ {Vide p ZIT) TJjjs wkWr iJjstrifKitrsI rnaiJ js aJv, a of 

.‘*Vf.i»'.>*'’ei.T as dcmoiistrateslbrlalioralnra' tests (Ib-nyand Hue, Jo jvj 
riiil>cl.a*s Cathracara ^jw-ngel, IShI. In lhi« croup the vj*<a*nl nerve hs>p brs 
l*-ticat!i the if]tc~1ma! fan.al andi«ron**s^tjenf|y n^t affcrteilliv t}K*lor»i‘m to v» Inch 



I’KI. 3(U— Itncfuta [«»(• 
terns of the aulifamily 
Trinitma* ffamilv Ri5- 
Miiciir). .1, PneemrfanCa 
ll. OneotntlanCn 
(KDlat/fimn) notophoro; C, 
OAeoKirfani’n (Ak'alqvnma) 
fvrmontria. {A, onginal. 
li, C, after Annandalo m 
r»il«l anJ Meleney. Am 
Jour, of Ibeiene) 
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HUMAN- HELMINTHIC INEECTIONS 

™bc,a. a,. Wong l„ 

vi« T'°\r 

are divided into two suborders, the StiIotnmAtmlfo?. ^ t f They 

on the extremities of retractile tentacles "nd the 



rn.. JOG. 



t'JO 307. 1,,Q. aos. 


I Kif. .100, Jl)7 fliid JOS — Radula pattern^ t>f ilic vuhfannly IJitliyniitia! (family Ri^^oids) 

1 itf -Wii. I ariiIoiS(irtilu» etnnlulut: Fie 307. BuUmut /uthiwuua; Iik 30S. Aloeiimn longt- 
eiirrm { \ftoi Walker in I'aUht and Kliaw. Am Jour, of Hygiene ) 

LI MACID.E), have only a concealed while other:, ii'i tlieland MiailbbeloiiginK 
to the family 1IELICID.E, have a wcllnJevelojKxl shell Several genera of the 
latter family have been incriminated as the intermediate host of Dicrocahum 
dendriticum, namely Abida, CochheeUa, Euomphaha, HeliccUa and Zebnna {vide 
p. 204) 

Order Basommatophora Members of this group have a single pair of retractile 
tentacles. All species of medical importance belong tr> the superfamily Limn'o- 
philoidea 

Superfamily Lijinophiloidea (Menke, 1828) The members of this group arc 
fresh-iiater forms, which usually' come to the surfaec from time to time in order to 
breathe The following families are important in human trematode infections 
Family LYMN^ID.E Brod, 1939 The shell of species of this family is ovmd or 
elongated, with a dextral spiral The animal is provided with three smooth ja«s 
The radula patterns are illustrated in Figs. 309, 310, 311 , 

Many species of this family belonging to the genera Lymnxa (sensu slricto), 
Fossaria, Galba, Pseadoswccinea, Radix, Stapnicola, etc. are intermediate ® ® 
FflSCioffl hepotica, F. gigantica, Fasaolmdes mngna, dermatitis-producing sc la ^ 
somes, echinostomes and other trematode paraates alTccting man (Mdepp- •> 

191, 193, 194.) 
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Family BULIXID.-K Germam n»<I Xc\TH-Leinairc, 1926 The '■liell of ?|)Ocic< of 
tliH family i*? sitmtrally coiled, ovoid, (globose or elongated, nith a «pire, citlier -hort 
or elongated, and more nr le^s nhtus; at the summit. The radula pattern® are 
illustrated in Fig. 312 A and li. Two genera of the family, Uuhnus and Phjiop^is, 
harbor specie® of .Sc/if«tosomo and possibly other trematodes affecting man. (Fufe 
pp. no, 128, 161.) 

Family PIIYSID.H. The sliell of sjwcies of this family is spiral, sini-trally 
coiled. The animal is sinl-tral and has slender, cjlindrical tentacle* Several 
Pliecies of Phy'ta {sensu Into) have l*een found to Ijc fir«t intermediate hosts of 
Kchtno'>(omn rctxiluliim {tide p 194) and motiu'can hosts of certain dermatitis* 
producing schistosomes (mk j) 162). 



iu. .(It 

I K.s in'!. aiO Binl til — IlniliiU naurnis of tlic fitmtly LjmniritlT I'lis .(00, l.t/mnrt 
nutnltniit; lis 310 /. trHncVulo, lie .III./. ff’lfpfanA <] ic .(O’*, after Cnvston, Joiiriint 
of Tr*>(ni*al Mwlieitie ntnl lljincne. I tr* IIO aixl .11 1. nfier Xiiuinclsli* nnd IIao. Itwirib of 


vv'a'xx 


It 

111. Jt'J Il»<liiUjisUefn«<,flli<.f»niil> Uulim.lT . 1 . /Ixfinut {/(vf'.rol /i.rttnll, /< 
n/n<-.in<i ( \(ipr ('«»»loi>, Journal of Tr<>|.irnt Mnlirioo nml Myeirtip ) 


Fnmilv PLA S'OllHID.f' II and A. .\dams, IfvtS (?). The ►hell of ►jifTics of 
tills fntnily i« discoidal, sini*tml, nr sinK-rfirwlly «lo\trvl, or spiral with n \rr>’ low 
spire Thcniumal isrim«tral and the tpiilarles nrecyhndrieal The ►hell i»f nioeies 
of IhcMibfsnuh PUnorbinc, the Rfoiip which roi>cernsj>ir*liesl zix'itogi'ts, t* a1wa\s 
di'coidvl The radula (vattcni' of three of tln**«* ►juTtes are ilhistnitrrl m Fic" 
ll.'l, ,1, It and (' 

fsis-cir^ of Sfgnirtiliri't ntid thpiKUlm are necessary mterrmshate hiel* of 
I'ninoInpuK hu»ki (ni/r ji l^t), /7<jn«>rfci» dufnurtt, of Srhidntnmn hrmnUJ'iuni 
III Forliipal (riifr p 111), rjurifs. erf /* (//irrm;>An/aria), of ,8. pinnuefU m Africa, and 
►|ieci'-s of AutIrnlorl-iK nn<i Trxptrofhn, of S ruin«nni m endnuip foci m tropical 
\nicrica (ndc p l'^**) More»i\rr, IndupIaMtrtif cxuifiit ha* liccii d'-monslralcel to 
lie the ninlliisc.an h-rst .V */iiri//iifc (sidep Ifil) andarccond mtcnnrrlLate lio*t of 
fVAirio.fiinin rnrt/ii^-<imfr'i (ri./r p I'H), •jircies tif the first internnsliAle 

li.r*t of i/(s->irM(m, iiikI •|■c•Ie• of //f/i»oewl, Nrfrmrnfiiio aii'l /’/'leerf.i* (wntu 
f-t'p), of /' rrr«>iuf’»'ri fridc p l'»|) 


ttie Indian Miiseiim I 
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IWMAX JIKUflKTniC INFECTIONS 


Cla^s LAMELmBANCHIA Dc Dlainrillc, W 24 . T).c=e mollme, are aceiihalom 
and are prov.derl «,tl, two o|„«,.„g valrate rf.cll,, «l,icl, arc united Irya l ilm S 
. er oral spcc.M of tin, cla,, have Iccn mentioned a, liarborinB trematodcs rc])orteei 
;rT I l^T-' aiTOea of CorUmla a, second intermediate host, of 

I-.c>nno\toma hndMnx and poasihlyi. raotulum (fide pp. 192 and 191 ), Mvmilim 
and posMhlj- / isnhurn and Sphrrium of E. Tcvohtum, CerithUia of /feterrmSer, 
hclcrophya, and |)o„ihl.v I emm merrenaria of IltmnMh mtichlemi. 




I’m I'n'i — Itadiiln I'.nttorrn of the family llanorbiJ®. A. VlnnorhU (flitfwpWana) 
pftxffrrx; B, Utp^x^lx* utnhiUcalut; C. Sfffmtntinn mlti/hut. (A, after Cow^ton, Journal of 
Tropieal Modieuic and llyjfiene. tt. after Annamble, IVo-'liad and Amin'>Ud*Din, C, after 
Annandflle and Priv'iliad. Itecor<li of tlic Indian Muv>um.) 


VERTEBRATE INTERMEDIATE HOSTS 

Essentially all main groups of vertebrate animals are involved as mfer- 
mediate liosts of human liehninths. I'islies, frogs, snakes and birds are, m 
all recorded instances, second intermediate hosts. The mammals serving 
in this capacity are, in some cases, .*!econiI intermediate Jiosts, in others, 
the sole intermediate hosts. 

I. Fishes Serving as Intermediate Hosts. — rclatii’ely few eveeplions the 
fishes involved in liiim.an helminthic infections are all fresh-water 


Helminths which have hcen found to exist in their larval stapes in 
water fishes consist of certain p«eudophyDidcan cestodcs, all of the memoers 
opisthorchid and lieterophyid trematodcs of which the life ^ 

the nematode, Dioclophjma renaJe. Fi.shes which ser^’e as second of 

prac- 

inland 

• ,c cope- 

e hosts 
listhor- 

' 0, and 
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lodgment in their subcutaneous and muscular tissues, of the ccrcarial stage of the 
fluke, which becomes encysted in the tissues. AUhougii the sjiccies of fishes differ 
in different endemic areas, * »• - -» « ^ r « . ^ - -i • 

the molluscan hosts of tiie^ ■ ■ : 

mollusc is liable to attack a . ' ‘ ‘ ■ 

far been found to harbor the advance<l lar\al stage of Dioclophyma rcnalc, while the 
bullhead (/Imciwrws melas mclai') has been demonstrated to scri'c in this capacity 
in Michigan, U. S. A. Several species of fresh-water fishes have been incriminated 
as second intcrmeiliateho'sts of Gnafhostomntpimgcrum (Prommas and Daengsvang, 
1930; Daengsvang and Tansurat, 193S) 

n. Frogs, Snakes and Birds. — S{»ecics of the genus DIphyUc}>othrium (subgenus 
Spiromdrn) may lie found in the sparganum stage in several species of frogs and 
snakes Jojeuv and Ilnudcmcr (1928) linve found that certain birds may al-o 
harbor this stage of these tapeworms Enej'sted mctaccrcaria' of Echinodotnn cinf~ 
torchiK have been discovered in tiic tissues of the tad|>olc of Raynt esevUnta in Japan. 
Chandler (1925) has found the advanced larval stage of Gnofhodomn tptntgerum in 
certain smakes, and Daengsvang and Tansurat (193S) rejicrtcd infection in Ram 
rugulo^a. 

in. Mammals. — Mammals other tlian man occasionally harbor the sparganum 
stage of Oiphyllobothrium (suhgenus Spiromtira). The pig serves as the intcr- 
mciliatc host of Tynia solium an<l Echinococcus granulosus; the o\, as the intermctli- 
atc host of T sngtnala and E. granulosus, the sheep, ns the intermediate host of 
MuHircps multiceps and E. granulosus. The pig is abo the important source of 
infection of Trichinclla spiralis for man. 

In all of tlies* helnuntlis of which vertehrates serve ns intennediate ho«t«, with 
tlie exception of and AVAinorofcws, man acquires the infection from con- 

sumption of the mfecteil raw flesh of the verlehratc 
Since the know n numlier of S|)cries of the<o vertebrates is large and the numlicr 
of potential intcrmwliato ho«ts is even aery much greater, it U not |)os,.ihlc to h»t 
them here. Hosts which cannot be readily recognueil by the student of helmiiitli- 
olngj* should !« rrfcrretl to six<uah«f« for determination, 

PLANTS AS VECTORS OF HUMAN HELMINTHIC INFECTIONS. 

I’liinta which nrc htvoKoti in the dlascmination of hinn.'iii Iiehniiithic 
iiifectiniis fall into two tntegories, (1) those which li.arhnr cneystexl Iar\n* 
of flukes, nn<i (2) those which are |»arsvsitiMxl by plant tiemattMles. In both 
r.iscs the lielminth is taken into the Iniiiiaii ImxIv by consiuniitinn of the 
raw plant harboring (he panisite. The first gnuip tsmsists rif species of 
worms which arc tnie ii.inisi(es of the matiunalinn laxly, while the setamd 
group ineludis >^x-eii'a wliiili are indy ntfideuUil or spurxims panis'ues of 
the huniati intestinal trait. 

To the first group of pbints lirlnng the a.arious meadow and swamp gra^-.^, am! 
seini*aqtiatic plants such as rrr»s, on winch tl»e rerr.ari.T of Fasriotn hrjmlica, F. 
gigantica, Fiiviolop>i» huski, Dirromlium dru'fnhrwm, Evrytrrmn pancrrnhaim (?) 
ami amphj»tnni.ate flukes nicy*t, b« well as tlie true aquatic sjiecies, such as the 
wntcr-ehe-tnut {EliorhariM lulTrosa), tliewater-lmg (Fropa nnlani, T. iispinom ami 
T tirornir) the water bamlHw (Zitania aguatica), Eichhnmin <Tfi»iiprs, ,Vfi/nni<i 
nrt.'/in», //<mn4 {‘olyrhisa and VnUirmna, tl>e mn«t etmimon di»*eniitiators of Fojrio- 
fepfH f/iuti likewi-**, any of the meadow gniw^ in endemic fnei may sene as 
\relor« for t!ie eiolieathed mfre1ive.*t3ge Lana* of llxmrmrhut rmtorius, TnVAo- 
t'fongylut spp ami reLate«l strong) late nematodes In the seeomi group of plants 
tlicre arc tnrhn!r«l f.r-h) resits hke tlieradoh. Iumij»*,etr , whieh are mfretM with 
rLal"La‘id rpme* hke lIt'<Tnlffa wirtom. 
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THE EXAMINATION OF INTERMEDIATE AND RESERVOIR HOSTS 
FOR LARVAL AND ADULT STAGES OF HUMAN HELMINTHS 

A few l)rief siiSfjc.stiDiis nOntivc to tile tcchiiie ami inclh«l omplovwl in 
olitainint; nml exaniinnic the various Rniiips of iiiternusliate hosts for’Urval 
stat-es, anil reservoir hosts for the adult stiiRes, of helminths parasitic in 
inaii \\ il] j)rol)iil)ly he helpful to .stiicleiit.s of Imintiii liclniiiitliolo/ry who are 
(■()iiteinj)IiitinK tlie study of n particulnr prohlein in (i given Iwality, either 
in an attempt to elucidate a life history or to secure ej)idciniological data. 
1 his information will fie jiresentwl primarily according to tlie classification 
of the host involved, as prt‘sentc<I in the preceding .sections, rather than 
from that of the panisites. 


Invertebrate Hosts. — Only 1ar\nl singer of lirlniinth^ imrasitic in nwn arc 
fouiul in iavcrtchratc hosts. 

1. Arthropoda.— CnusTACiH. — 1. Copepoda. — In so far ns is known, only free- 
living species (genera Dinplomnit and Cyclops aensH hio) Ila^ c thus far lieon incrim- 
iiiateil as intermcrliate ho'ts of hutn.ai) liolniintlis. Tlie^ organisms arc small 
crc.aturc'' hut arc readily vi*.ihlo w itii the uii-aidei! eye, living in relatively Quict jKioh 
or puddles, either constituting permanent or lenij>orary bodies of water. They 
are frerpiently ns,sociate<l with green nlgie (e. g., “pond scum”). Tliey may l>e 
enllccted hy sweeping «u«i)cctod water with a muslin dijvnct, allowing mo«t of the 
water to drain out, i>ouring out the concentrateil plankton into a large photo- 
graphic developing tray niul transferring to large jar» or nrniaria, from which th^' 
may l>o later ptcketl <iut for c\.amination. Indhidual cojiciiosis may he placed 
temporarily on a micro«co[)ic rinle unilcr a covcr-gla«s to determine if tliey are 
naturally infected. The larva* both of tapeworms {DiphijUobotfiriiim spp_ *nd 
Drqytmdolxma lanrcolato) and of the Mc<lma worm {Drncuncidiis medinenns), or 
Dioclophytm renak, if present, will lie found in the hemal cavity of the copcpod, and 
can ho sejn under low power of the microscojw Since larvic of other species p 
tajiewonns arc frequently harbored by tlie«c cni'-taccans, attention must be paid 
to the characteristics of the larval stages of flic human tajwworms which develop 
m these hosts. In order to allow the lar\a* to escape from Cyclops or Dioptomits, 
the posterior extremity of the abdomen may Iw dissectctl off, wlicrcupon the lar\ 

w ill emerge from the opening and can be studied m greater detail In , 
infect larvip-frec Diaplot/ms or Cyclops with Diphyllobolhrium, ^'dly-cmhryona 
eggs or free-swimming, ciliate<l embryos arc placed in a small container "i 
copepods The frcc-swimming embryos will Ire ingested by the copepocs 
susceptible hosts will penetrate through the intestinal wall tothehema 
Heavily infected copopods are likely to die .shortly after infection 
the larva? to mature Appropriate species of Cyclops may he infcctctl wit ' 
cxdus larva* by placing the larva* discharged by a female w orm in the i,„rt>nie 
Tile larva? will break through the intestinal wall into the licmal cavity an 
inactive in that location, remaining so until they come m contact witii gas . „ 

2. Decapoda -Fresh-water eraj-fiabes and crabs harbor only one ty}W 

helminth larva, that of Paragonimus Only those species which hve to 

with appropriate species of molluscs m endemic areas of tins infec ion - 
suspicion. The animals may be caught by Iiand and jilaced . {j,Rsected 

with perforated lids. For exammation, the carapace of tneamma to 

off. Then portions of the gills, or muscles from the out and 

shallow Petri dishes and any small spherical objects found ‘ TTnIe‘« the“e 

examined under slight pressure with low* power of the J „ /pig 123) 

encysted larva? conform to the type oripnally distinguished bj R 

from other encysted fluke larvjp, they are not Paragonmns larA.v. 
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founfi infecfwl, tlic liver and iiut‘'cles arc likely tol>ce\en more lica\ ily nar.T-itize<l. 
Th<r“C tissues may Iw c\amine<l l»y usinR a “tncluoa-j)re«.s.” However, convincing 
proof is not established until the enej’sted mctaccrcaria* have been fed to Para- 
j707iimMt-frec susceptible mammals ami the adult worms later recovered from the«e 
hosts. 

IsshCT.s.— 1. Dipfcrn.— Nematocera and Braebycera Homodaetjla. These 
forms, including mosquitoes, midges, gmatsand Chrysops, arc intenne<liate ho-ts of 
filariul worms Wild flies may be caught (!) at the time they arc taking a blood 
meal, liy carefully placing over each one a test-tube and withdrawing it after the 
fly has releasotl its hold on its \iclim, (2) by using the same technic in collecting 
them from the outside of a b«l-ret, (3) I>y collecting them from hiding places 
around buildings during tlie daj*, if thej* arc iioctum.al feeders, or (4) by sweeping 
with a fine mus|m or bolting-cloth net any \egetation in which tiiey are hiding. 

For examination, the flies arc first killed or anesthetized with chloroform, the 
legs and wings removed, and the liody placcxl on a microscopic slide m a dro|) of 
physiological salt or Iyx?ke’s solution. Under a dissecting micro«cnj>e the head is 


contact with physiological IxicKe'.s solution If thi<<loos not occur, tlie exoskclelon 
should bo dis-sectwl off the thorax and the thoracic mu'cles carefully trase<l apart. 

* ■' ' ’*’• " * * ’ . • infections larim in.ay t>c 

• •• liour* after ingestion of 

• penetrating Ihroiigh the 

Ktomncli wail. In attempting cxiierimental infection of Dicse seieml groups of flies, 
essentially the wme technic of examination i« employeil, except that the early 
htages of deielopmcnt arc !ooko<l for fiM. Frequently the netnaloccran >i)eeies 
sU'iieeteil of Imrlioring a fiKri.vl infection require to lie fixeil in alcnlml or Cariioy'a 
fluid, einliedde*!, staiiifxl and ‘ectioncil, in onler to determine the exact location 
of the hrxn* in their IkxIics 

- p . . - e , • • • . • . . . I 


with them and for prescrx'ntion remo\e<l xxith forcei*s to n chloroform Ixittle For 
<lis..ectton, each flea is plnetsl on a elide in n drop of Kaline s4jIiition Larxii' of 
tajifworms, if pn-ent, will In? found in the licmal eaxity of the animal Tliey mu«t 
t>e ^iH-eifically difTerentialeil fnmi other ln|>eworm HrxxT |k>— iblv luarlioiTsl by 
tliese lii'sxjts 

3 Mnilnphngn The technic for exaimmtion of cliewing lice is smuKr to that 
for Stphnunplrrn 

4 l^pi'loptfrii Tlie lana or adult is ritN,t kilNsi in rhioroforjn xiijxir and «li»- 
«rcl<s1 on a Large micr«»sc»ipir t-Iideor in a ••iivall IVtn di-b Ijirxm of Ihimrnofrpit 
ihminiila, if pre*ent, will Is* found in the hemal raxitx 

.'i Orthfjpltra The in*ecl is fir-t kilhal in rldoroforin xalior, phctsl m a rli.allow 
IVtn di-li, the logs, w mgs nn<l immtii leirt* ihs-rctesl nfl and the In inal rax ity fir«t 
ojx-tna! iij) (lonliaeea, if present, will Is* fonml c«*ilr<l m tfie hrmal caxitv //y- 
ttifnrJrpiA Aimtiiiiln and /)nmifir»i lara'n* will alvi Is* in this loeahlx dong', htnrttui 
larxw* and th<»«<* of .yfonihfi'mif max Is* found lucxstial ni th»* js-ri. 

toneal wall but are more hkrh to !s*enra*tr«l m tlie tlxirane iiitisele* 

ft Coi/nplrra Tlw* Isx-lle i« first kilhal In chhtnifonn xajs.r, pLactsl m a rkallow 
IVtn didi, the liTT*. « mgs and luani i«fls of IIm* iifelcr nde of the thorax and aUIfK 
men disvrtrsl of!, and the hnnal caaitv tWn laid r-is-n dietmuti 

larxT, witen pfr-'^nt. arefixind in tlw* heniil c.axit\ , tx taatisle and ar.anth<s^>halan 
Itfx-jr are mo«t lileU to Is- ftsind enra«t«I in lls* Us.raeic mii-«-le- 
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harbor many species of larval nematodes, special care should be taken not to confu^ 
larvie of non-human species with those which maj' occur in man. 

Diplopoda —For examination of species of Jvlus and Fontaria hr Ilymenolepii 
dminuta the technic is similar to that lor Coleoptera. 


because the number of species of trematodes of man is relatively small compared 
with the verj’ large total of such oi^nisms found in their intermediate stages in 
molluscs, the difficulty of differentiating the human forms during their mollusean 
phases is very great Onij* the .speciahsf in this group is prepared to attempt such 
differentiation, and he is at tiroes baffled by the large number of forms nhicb he 
encounters and the verj’ few reliable cliaracters %%'hich are available for the determin- 
ation of species and even genera of this class of helminths. Fortunately practically 
all of the human trematodes utilize only gastropod roolluscs and these are further 
limited primarily to fresh-water and amphibious species. 

For study, the gastropods (snails), which are suspected on epidemiological cri- 
dence of harboring intermediate stages of human trcm&todes, are collected and 
taken or sent to the laboratory. Living non-opcrculate (e. p., pulmocate) species 
ennnot usually be shipped any great distance without considerable difficulty, ffhey 
may be packed in damp (not wet) mass or clean cotton in a perforated container 
and if kept cool may survive for .several days en transit. On the other hand, op^cu- 
late snails, particularly the smaller forms, if they are first dried off and packed in 
dry moss in a perforated wooden l^x, will suiaive shipment for many days. 
mens of Onconie/an/a may bo easily transported in this way for a month or more ana 
will survive desiccation up to approximately si.t months. . 

In preparing the fleshy body of the snail for c.xaminafion, the calcareous sliril is 
carefully cracked by use of bone cotters and the inner portion of 
screwed" from the viscera. The organs mo«t commonly parasitized are the h' ^ 
ft. e., digestive gland) and the hermaphroditic organ, which occupy the apical pa 
of the snail In ordinar)’ practice these organs are separated 
viscera and muscular portion and are teased apart in a watch-glass in „ 

saline solution, which is approximately the saline concentration ol the snail , 
Trematode infection's, if present, will usually be situated in theljTnph . 

bathe these organs The dissected tissues are viewed under low pow er of e ^ 
scope. In merderate or heavy mfeetions sporocysts or redia? and ccrcan® m y 
stages of development can easily be found. For careful study the man i ua 

mensare transferred to a slide and mounted witha cover-glass Thebes 

ity for observing details of the inner structure of sporocyst, redia ‘ 

itself after the specimen has been somewhat compressed and usually jus 
organism disintegrates. a, 

m. Vertebrata.— FiaAes.—Certaio trematodes which parasitize m i.^Uothe 
encj'sted metacercaria; in the tissuesof fishes T*hese cysts ,,,niaybc 

under side of the scales or to the cartilaginous tissues of the head and ^ off 

embedded in the subcutaneous or muscular tLssues. The ^cales maj , . ' jurf 
fioTi's bndv fnr examination; evsts embedded m the flesh 

, sectioned. 

stained and then e.xamined. . arc founds 

Pseudophyllidean cestodes which utilize fishes as inte^edia the^ 

the sparganum or mature larval stage in these "’^!o?c^he mu-cle ele- 

lan-t* Will be found to occur as small, milky-white ^ ilowevcr, there 
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of Dioclophjrrwt renok occur in ad%Tntitiou« capu“les in the fi'h. lan'a; 
of Gnathosloma arc found in similar situation**. 

Frogt, Snakes and Birds.^The only human helinintlis commonly occurrinR in 
thc'c hosts are the sparpana of Dtphyllcbotkrium species. These occur as milky- 
white ribbons in between the muscular elements and are most commonly found 
alonR the spinal column, and in frogs in the tliigh region and in sn.akes along 
the ribs They also frequently reside in the sulwiitanoous tissue and in hea\y 
infections give a pufly apiiearance to the animal. Likewise, lan’n? of Onalhoslonm 
liave at times l>een recoicrcd from snakes. 

Sparganum infection is usually found in the (same region m mammals 
as in lower vertebrates, but m the siiarganum stage of Diphyllololhrium in the 
Iitslgehog, Ennnecus dealbalus, the pectoral muscles arc mo't usually' parasitized 
Cysticerci arc most commonly found in the heart muscles, hypoglossus and “ten- 
derloin” regions, but ma3' occur in all muscular tissues and to a le<.«er cvfcnt in 
other organs. Sfulliccps mulhceps is most frequcntlj- encountered in the brain. 
Echtnococeus cysts are most common in the vicinity of the liver, but maj* dei cloj) 
in anj* ti««ue of the bodj*. Triehinella cj*sts arc present in all striped muscle, but 
can lie diagnosed most readily' from a piece of diaphragm flattcncil in a “trichina” 
press, or, in lighter infections, by digestion in artificial gastnc juice, then svashwl and 
concentrated bj* centrifugabzation. 

17. Plant Vectors.— In all of the species of aquatic or scnii-aquatic plants w liich 
fer% c ns vector* of human hclrnintlis, including flukes of the sixTies Fa*ao!a hepatiea, 
F gtganticn, Fasetohpvs bush, Dicroco'fiiim dendriticum and Eurylrcma panerratf 
nm (7), and aevcral species of etrongj'btc nematodes, the mature larval norms are 
encysted as lutic rphorulcs (trcnwlodc infections) or cn»healhcd brvrc (//*-monrAMf 


lielminth-s, the species parasitic in man constitute a rebtivcl}* rmall part of the total 
number of rjvcies li,arl)orc<l by thcM? animals. Tills is jiarticiilarl^* true of the stages 
of Ircmatotles in molluscs and fisljos and of nemstcxles in b)oo<l-«ueking Diptera and 
b-vlles. For this rc.s.«on the greatest f.nre must I»c taken to determine tliat the 
br\.sl helminths found in non-human lio<ts arc actually the ones which infect man 
To this end Ixith ronrpholnsical and esisrimmlal data arc rc<iuircsl in onler tlwl 
the cvHlencc may l>e thoroughly ronvinriiig 
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harbor many ppccics of larval ncmalotlcs, special care should l)e taken not to confuse 
larv.T of non-human p}>ccies with those which may occur in man. 

DiPLOrODA.~For examination of sjx^cics of JuUis and Fontaria for Ilymenolepis 
(Umimita the technic is similar to tliat for Coleoplera. 
n. Mollusca. — i\ronu‘:cs arc the first intermediate fio«fs of all digcnctic flukes, 

1 ■ .. ■ _ 
with the very large total of such organisms found in their intermediate stages in 
molliisps, the difhculty of ditTercntialing the human forms during their molluscan 
phases IS verj’ groat. Only the siwcinlist in this group is jjreparcd to attempt such 
differentiation, and he is at times bafltcd hy the large numl>cr of forms which he 
encounters and the verj’ few reliable characters which are available for the determin- 
ation of species and even genera of this class of liolininths. Fortunately practically 
all of the human trcmatodcs utilize only gastro}>od molluscs and these are further 
limited iirimarily to fresh-water and ampldhious species. 

For study, the gastropods (snails), which arc suspected on epidemiological e\n- 
dence of harboring intermediate stagc.s of human trcmatodcs, are collected and 
taken or sent to tlic laboratory. Lmng non-opcrculatc (e. g , pulmonate) species 
cannot usually be shipped any great distance without considerable dilBculty. They 
may he packed in damp (not wet) moss or clean cotton in a perforated container 
and if kept cool may survive for several days tn tran$\l. On the other hand, op^cu- 
late snails, particularly the smaller forms, if they arc first dried off and packed m 
dry mos.s m a perforated wooden box, will sun'he shipment for many days 
mens of Oncomclama may be easily trans|)orlc<! In tliis way fora month or more and 
will survive desicc.ation up to approximately six month*. 

In preparing the flo«hy body of the snsU for exowination, the calcareous shell 
carefully cracked by use of bone cutters and the inner portion of the spim un* 

gcr *t -rt n-.rasili2cd arc the "mer 

ft i occupy the apical 

of ted from the remaining 

.... i,f.u normal 


scope. In moderate or heaxy infections sporocy'sts or redhT anu ceiuaii.^ ■“* “ • 

• • • ■ ■ -ound. For careful study tlio individual spec! 


stages of development can easily be found, rur tiuv*u. .nnnnrtun- 

mens are transferred to a slide and mounted w ith a cover-glass. The bes pp 
ity for observing details of the inner structure of sporocyst, redi'a f.-g the 

itself after the specimen has been somewhat compressed and usuallj jus 
organism disintegrates. as 

in. Vertebrata.— Fishes.— Certain trcmatodcs which parasitize . ..gthe 
encysted metacercariie in the tissues of fishes These cysts may be a -maybe 
under side of tlie scales or to the cartilaginous tissues of the head an gi > ^ 

• . Tho crnles may be Btiap 

3h may be determined 

,rbyu«eofa‘'trichma 

I in paraffin, sectioned. 

Wned and then examined. are found m 

Pseudopbyllidean cestodes which utilize fishes as snecimens tbe’e 

the sparganum or mature larval stage in these hosts. In muscle ele- 

larx'ie will be found to occur as small, milky-white ever, there 

species of 
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1 -arva! o! Di'ocfophyTTwi rcnolc occur in adventitious cnpusles in the Bsii. Larvic 
of Gnathostoma arc found in similar situations. 

Frogs, SntxUs and Birds— The onij* human helminths conunonl.v occurrinR in 
these hosts arc the spargana of DiphyUobolhrium species. Thc-^ occur ns milkj’- 
white ribbons in between the muscular elements and are most commonly found 
alone the spinal column, and in frogs in tlie thigh region and in snakes along 
the ribs Theyal'o frequently reside in the sulmitancous tk'Ue and in hea\y 
infections give a pufTj' apj>e.arancc to the animal. Likewise, larva? of Gnalhostoma 
liavc at times l)oen rccovcre<l from snakes. 



ns 

he I, , . ■ . ‘ . . 

Cjsticcrci arc mo«t commonly found in the heart mu«clea, hypoglosMis and “ten- 
derloin” regions, hut may occur in all muscular tissues and to a lesser extent in 
other organs. SluUiceps maUiecps is most frequently encountered in the l)ratn. 
Echinococcus cysts arc most common in the vieinitj' of the liver, but m.sy dex clop 
in any tissue of the bodj'. Trichxnclln c3‘8ts are present m all striped muscle, but 


hcrve as vectors of human helinintlvs, including flukes of the species FavioJa hepatiea, 
F. gigantica, Fasciolopsit buski, Dtcrocitlium dcndrUi'cum and Eunjtrcma powerrotf- 
cum (?), and several siwcics of stron^'Iatc nctn.sto<le«, the m.sturc larval worms are 
piiejstcd as little spherules (Irematoile infections) or cn«heatlie<l larva* (llxmonchus 
ronlortus ct al ) on the outside of the vegetation, and never within the plant tk«ues 
The fluke cj'sts appear as minute, milk)M\hitc yoncrction*, attached to the surface 
of the i)hnt. Tliesc larva? may \k dkcovereil by carefully examining vegetation in 
endemic foci with a good lilgli-jiower Imnd len«. They can be scraped off onto a 
slide, moiintoil and studied under a ilis-ecting or compound micro'cope 
In all of the organisms which serve as intermciltatc or reservoir ho'ts of human 
helminths, the species parasitic in man constitute a relatively email i«rt of the total 
numlwr of sjiecies luirlioixsl by tlK?seamnvaN This is ivirticuKrly true of the «t.iges 
of trematodes in molluscs nn«l fi<hesand of ncmatoiles in l)Jood-»urking Diplera ami 
beetles. For this reason the greatest eare must be taken to determine that the 
larval helminths fniinil in non-human hosts are aefiially the ones which infeel man 
To this end l>otli niorphologieal and ex|ierimrnta! d.sta are requirnl in onler tlunt 
the exidcnec m.ay l>e llioroughlj’ convincing 
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ANTHEI.MINTICS AND THEIR USE 
INTRODUCTION 


Definition, — AntheJm/^l^lcs are therapecit/c agent*? usorf to c/estro? 
j)iira*iitk* helinintlib re.sidiiig in the Iio.st’i> body or to remo\ e these parasites 
from the body If the anthelmintic kills the worms, it is referred to as a 
vermicide, if it produces emcuation of the worms without their death, it is 
only a vermifuge. Some helminths, as those residing in the blood vessel 
(i. e., schistosomes), in the lymphatic vessels, lymph nodes or l.\TOphati(‘ 
tissues (i. r., Bancroft’s filaria), in the parenchyma of the lungs (i. e., lung 
flukes), in the musculature (i. e., Trichinella larvie or cysticerci) offer a 
special tlierapcutic problem, even if specific chemotherapcutics are avail- 
able, since the dead or d.^ ing worms or their eggs cannot he evacuated from 
the body, but must he absorbed as tliey<iisintegrate, else they may produce 
abscesses or pro\'oko fibrocjiic encapsulation. . . 

An ideal anthelmintic is one which is lethaf to the helminth '?ell fl/thm 
the tolerance of the patient. In order to have an intelligent appreciation 
of the rational use of anthelmintics, it is first necessary to diagnose the 
specific infection, to visuah'ze the position of the worms in the hexiy 
know their approximate number, and to estimate the loc.al and systcm|c 
effects of the worm.s on the patient. It is e.ssential to know the therapeutic 
agent or procedure most useful In a particular helminthic hifeetion or 
group of infections, but even more important is a knowledge of the (ianger!> 
attendant on the administration of each anthelmintic, its contramdications 
.and the most satisfactory procedures for safeguarding the patient before, 
during and following anthelmintic medication. 


ANTHEIJVDNTJCS OF ANCIENT, MEDI^VAt AND 
PRIMITIVE PEOPLES 

The earlie.*!! extant record of an antlieirnintic and its use is found in the 

papjTus tea 1550 B c.) "Heitu,” a common hefoiinthiasis of Ancient ' ^ 

treated with an infusion of the bark of the pomqjranate tree (Purtica 
Because of the more or Ie,ss specific action of tins plant product on tsp®'^ ir?n!<i 
because of the extensive prcsent-d.ay distribution of the beef i„ ^{,st 

saginala) among Egyjitians, Arabs and Ethiopians, it seems ^ 

the priest-physicians of the Egyptian Middle Kingdom prescri 
bark for Tania sagmala infection. The Egj'ptwn^ " al-o familiar ^ i ‘ 

. lany ])TC«cnption • 

d as vermifuge hy 

the Abj-s&inians. Tiie Chaldean records thus far ojscon;i<-» [.!r,nforni.^' 

worms or their treatment, and ancient Hindu records provide jura- 

tion on the subject. Nor do the Hebrew texts contain reference 
sites or their eradication. . , . -wiinr nf Hicpys hogin“* 

The first known Greek reference to an anthelmintic , 5 / ^rolanum) 

(ca. 490 D.c), who recommended the use of southernwood (A 
(r>34) 
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for tft|>oworm iiifrclKin in a woman Democritus meiitionwi llic U'C of mint for tlic 
evacuation of l*oth roundwonus and taiKmorms. In his ^fntcria Mtdtca, IIippo- 
rrafcs, who had studied in Alexandria, de«cril»cd 300 plant products, 150 animal 
profliictsaud 30 mineral® Tiic plant pmcliict* which he recanled a® luavincanthel- 
niintie \fllue include gum of acacia, ani'C sc«!, canlamom ®e<Hi, ca®'ia, colocjnth, 
(oriander ®o<'d, cMiiiin M'cd, ehlcrlierij*, fennel, jmrlic, hcllelion*, miillierra', myrrh, 
olne oil, jiepper, jiomeiiranate, rue, ‘•ramniony ®co<l, ^jicannint, turjx'ntine, vera- 
truin and walnut liull, all of which were itrpeatedly rccommciulccl as anthelmintics 
in later Greek, Homan and the early mcdiawal texts. Hart«hom and honey were 
amoM" the animal prinlucts h«ted HoineRranate, oti\c<iil, hartdioni and honey are 
known to ha^c lieen I'o'ptian contnlmtinfis, (K?p|ter came, hy way of India, from 
the spire i«lands off the Malay {lemiiMila, ami the other prixhiets were jiroKahly 
native to Greeuan domain of Hippocrates’ time 

Theophrastus of Eresu®, physician, iHitanist and student of Ari“toflc, (ra 300 
n c ) apparently first recommcndwl fern root (mpit) a® an anthelmintic. He 
states! that the sap of Ihcfcmnk plant, when ndmimstenal in sweet wine, was»>j)ccific 
for evacuation of the tai>cworni, and w hen dnink with harley wafer removcil round- 
worms Morisiver, he de'cnlxs! the difference l•etwcell tlic fronds of the female and 
the male plant Aurrliu« Coniehus Cel'«s, (/> re mdmnn), who hveal alnnit the 
tune of Til>erius Caesar, addftl the follow a® anlhelinintics. hitter lupine, nettle, 
water ere®® and wormwood (.trfeimsoi o/»«iw/Aimwi). 

Most dctaile<l m hi® consideration of anlhclmmtic® was Dioscondc®, a Greek 
army rurccoii in the employ of Xcro (c.a r>0 .i.o ). He wa« the first compiler of a 
comprehensive .Uo'cn'o .Ifcrhco. He not only indicateil the part of the plant or 
niuinal prcKhicl to he utilized, hut d«®‘crili«l the tv-jicof jireparatioii and prescriliwl 
the amount to l*e admuii'terc<l. For example, !«? st.atcil tluat 4 <Jmchm» of an 
ariuooii® enuilsKfti of fern root, to which i-hoiild i>e added an ecjual nnioiiiit of 
scaminony or hl.ack hellelKire. wa® offi'ctive in h.anisliinc ln|>i'wurms The evacua- 
tion was c'ClKslited, imireovor, if the ]iatietit h.xd previously consumed jnrhe. 
I'reserijitioii® given liy I)iose«tride®, and not previously meiitioneil, included 
ealammt, cuarselv ground up or heateil m water, and dnink w ith salt or honey, to 
exi>el N*al worm®, and decoction ofcaniomile with w me or marine alointh 
mnntitna or Oriental wormwissl), hniis®®! ami chewisl with rai«ms or fig®, for 
(israrnsH I)io*coride® nivi recommended ilrawhig plaster*, plarotl on the slxlomen 
to assist in ovaciivtmg wonn®, rmally, hr Mate*] lliat axle grea*®*, when phrrxl 
within and around the anal ephmeter, killed eoatworm* 

I’luiv the Yoiinzer (f/is/ono nolMroh*, .» p ) was apiwrently more concrrncil 
with r«-tilii>'xle aiul fcorjiion etmg® and with m-aggot infestation tli.xn he was with 
intestinal j«ara«il<*s Nevertheless, lie t},(. ni<a]ira] imiiorlanre nf tajie. 

worm*, rciterateil the value of prrvn»ii«ly recommendetl anthelmintic®, cs-js’cially 
malisfcrn (first des|gnate<l hy him 8®//«x-rt/i»), and among other proihict® adJetf 
i Iccaiiipitie. U-ct ripot ami in® to H»c phamiaco{Mi ia of hi® clay 

Hcrislofus. t lie Jill) siciali, (l.'«) a P ) w. a® first to recommend the sen! of s^iotonica 
or l®"vniil worniwasl' (ohi.aimal fn»m Tiirke-tan), a.® well a« the juic*- of 
to rxi®i wonn® Gal>’n (131 -2*11 v p ) itfcrml l*> the romnioti oenirmicT* of M-it- 
wonn® m rhiMreii and a»l vised ralamini jmrea®a remcih Tl>e writings of Jv-\rni« 
's<-xininotiiU' (2th ® ii ). Ornnsius of (onst.antinopin f.TZl v P ), A» tin® of Antioch 
I. MU V n ). Alcvamlcr of TmlW (.VV) v p ), Is«|oni« {oTIt rstii .v l> ), I*.aiil of .I'gin-a 
(ra tot) V l> ) and riioliit- (soj a P ) roptnl'iilrrl nn lyw infornualion to the chrnio- 
thrrapv (d para-ilr itifcrtion®, atlh'rfich all of lli®**®* w inker® di*®a«ir*<®l at Irngt h »>ri 
lirliiiiriths and rrrr>ijiinciid'®l many of tlic antlirlmmtic® u-cil hv tlirir pmirr**— ,.r® 

, i>f tl« srf tn>'. 111 ■i-l, •<! II I* I'Okl jrl t«®»nw Vtv®n r,., )<• ' t 
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ANTHELMINTICS AND THEIR USE 


INTRODUCTION 


—Anthelmintics are thcRipentic agents used to destroy 
parasitic helminths residing in the liost s b<xly or to remove tliese parasites 
from the Ijody. If tlic anthelmintic kills the worms, it is referrcrl to as a 
vermicide: if it prtKluces evacuation of the worms without their death, it is 
only a rernafjige Some helminths, as those residing in the blood vessels 
(i. c., schistosomes), in the lymphatic vessels, lymph nodes or lymphatic 
tissues (j. e., Bancroft’s filaria), in the parenchyma of the lungs (i. e-, lung 
flukes), in the musculature (i. e., Trichiiiella larvre or cysticerci) offer a 
special therapeutic problem, even if specific chemotherapeutics are avail- 
able, since the deatl or dying worms or their eggs cannot be evacuated from 
the body, but must he absorherl as they disintegnite. ehe they may produce 
ahseesscs or provoke fibrocytic encapsulation. 

An ideal anthelmintic is one whicli is fethal to the helminth well within 
the tolerance of the jiatient In order to have an intelligent appreciation 
of the rational use of anthelmintics, it is first necessary to diagnose the 
specific infection, to visualize the position of the worms in the body, to 
know their approximate number, and to estimate the local and systemic 
effects of the worms on the patient. It is essential to know the therapeutic 
agent or procedure most useful in a particular helminthic infection or 
group of infections, but even more important is a knowledge of the dangera 
attendant on the administration of each anthelmintic, its contraindica lo 
and the most satisfactory procedures for saf^uardmg the patient be , 
during and following anthelmintic medication. 


ANTHELMINTICS OF ANCIENT, MEDIiEVAL AND 
PRIMITIVE PEOPLES 

The earliest extant record of an anthelmintic and its use is found 
papjTUS (c 3 1550 B.c.) “HeJtu,” a common helminthiasis of Ancien 
treated with an infusion of the bark of the pomegranate tree (rwniw 
Because of the more or less specific action of this plant product on ifsnia 

because of the extensive present-day distribution of the beef 
saginata) among Egyptians, Arabs and Ethiopians, it seems altop ^ j^te 

-i- Kinadom prescribed 


the Abyssinians The Chaldean records thus tar discoveieu uu ^ informa- 

worms or their treatment, and ancient Hindu records provide n p ^ | p^ra- 

- - - ■ V texts contain references to miesu 

anthelmmtic is that of 


tion on the subject Nor do the Hebrew 
sites or their eradication. 

The first known Greek reference to an anthelmmtic 
a. 490 B c ), who recommended the use of southernwood ( 
( 634 ) 


(ca. 
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r.r) 

for taix:\\onn iiifrclion iti a woman. IJciuocntii^smcntionc*! the ti-e of mint for the 
evacuation of Ix'th roundwnmn? ami tapeworm^ In his Malcria Afidtca, 
crates, who had studied in Alevamlna, dc«cnlted 300 plant products loO animal 
products and 30 mineral*. The plant products which lie regarded as h.avmp anthel- 
mintic \nhie include pim of acacia, anise seed, caixlamom ece<l, cassia, colocynth, 
coriander seed, cumin sec«l, eldcrlieny, feimel, ^rlic, licIlclKire, mullicrni', myrrh, 
oIi\e oil, [lepiier, i>omei;mnatc, rue, veammony sccil, six*nrinint, turjicntine, vera- 
trum and walnut hull, all of which were re|>eatcdly recommended as anthelmintics 
in later (Ireck, Homan and the early mediresal text* Hartshorn and honey wore 

. . »i - -« — 1 I I i> «_ „i -1 1 and honey are 

' way of India, from 

, ", . ' . hicls were prohahly 

nati\e to Grecian domain of Hipimcratcs’ time 
Theophrastus of Erebus, phy.sician, Iwtanist and student of .\nsfotlc, (ca ,300 
n t ) apparently first recommcndc«l fem root (vT€pii) as an anthelmintic. He 
statinl that the sap of the/c?«nfc plant, when adminMcrwl in sweet wine, wnssj>ceiric 
for evacuation of the taiicwomi, and when drunk if h barley water removctl round- 
worms More<i%er, he descnlKsl thcditTcnuiceliotttecn the fronds of the female and 
the male jilaiit Aurelius Cornelius Cchus, (l)c re nudicinn), who lne<l nlKUit the 
lime of Tilierms Caesar, atided the follow itif; a* anthelmintics - bitter lupine, nettle, 
water cress and wormwood (,fr/fmi«i« rifitiw/Ainm). 

Most detailed m his consideratioii of anthelmintics was Dioscoridcs, a Greek 
nrm\ siirKcon in the rm|ilny of N'ero (ca 00 a n.). He was the fip-t compiler of a 
compiehensivc Afntcnn ,tfcd(c<i He not only indic-slrsl the jiart of the plant or 
nnim d product to ho utilirwl, but dcserilKsI the f vi>e of preparation and pri'S'rihetl 
the amount to be adrniiii'tereil. For example, he rtatcsl that 4 dmehms of an 
acpieous cmul'Kiii of fern root, to which should l>e addisl an efjiia! amount of 
scammony or hhek hellebore, w.as cfTcelhc m l>ani«hins tajicworms The cNacua- 
tion was pxiicsliteil, inotxsiver, if the |tatient lia<l prr\ioi|sly coiisumni jrirhc 
I’ri-criptioiis gncii by I)iO'c<indes, and not prr\ii>usly mentioned, mcludeil: 
rahmint. coar«ely gniuiid up or hcftfeil in water, and linink with ksU or honej, to 
ex|n'l seatworms, and dec<K'tioiiof camomile with w me or marine ahsintli (/IrfcmMia 
mtirilimn or Oriental worniwootl), Imiiserl and cliewcil with raisins nr flu:*, for 
a'Can.'»«i« DioscoriilesaUi recommcnd<sl<lrawmc plasters, |)hceil on the alsiomen 
to assist III eiacintmtf worms rin.xlly, he ainted that axle prase, when plarrsi 
w ithiii and around the airil rphiocter, killer! seatworms 

I’linj the Youiiffcr iUidnna tialuraltf, 73 x.n ) wa« apivirpiitly more cwnrernrsl 
with centijxsle and s<*or|iinti etinir* and with nwccot infestation than he was with 
inle*tiinl jwrasiles Nexcrtheh*s«^ he rtres-crl the jnrsliral im|>or1anre of ta|te- 
wfirms. reiterated the >al«e of pn"\iou“ly rcc<»mmendcd niithrhnintics, e<iieci.ally 
imle-fcro (fir-t dc'iiuntisl hy him as/hr-woi), ami amoiic other prmhicts added 
chraniinne, l-eot nsit ainl iris to the plwrmarojsrw of las ihy 

lb rislotus, tin- tihx-ici in. (l^tO x i> ) wa«fir*t tonTniiunend the ssss! of santomca 
or |,e\aiit wnniiNssl* (otilsined from Turkest.an). a« well a' the Juice of 
ti> CXI* I worms (Jalcn x i» ) rcfcrrcrl to tlie ronmion ocrurrmce of ss^t- 

wornis in children arwl n«hi*e«i rahmint juireasarcnmlv. Tlicwri tines of ^!^^vru« 
?s<-.xnmninius (210 x n ). Orilia«ins of (‘onstantinojdc p'lO x n ), .Ni'tiu* of Antioch 
I.MO X r> ). Alcxaii'lcr of TndW (.ViO x n ), hidorus (.*»Tll fstii x n ), Paul of .l^mx 
<ra 07P X I) ) and I’hotm« (‘‘'^1 x.j> ) Cfintnhulcil no new mfonnstion to tl>c rhrniir- 
Hu rapx of iKim-ilc mfcrlions. stlhouch all of tlicse workers di«einir'ssl at hriclh on 
t)»-IriiiJith« aiol rmuiiincndtsl p.jxnj of IIk antlislnimttr« u«e«l b_\ their prrs!refs.*.,r, 

1 m-s o n.*- c.f n « « rf nti-Y lilaeliHillo {snif lariat,.*- IrM.s ri r. •tf'tt.en n nTra ‘ g 
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was a shining star, 
th the earb’ Greek 

p/ij’sicmns that worms arose from fermentation and putrefaction of foodstuffs taken 
into the body, particularb’ raw meats and uncooked vegetables and fruits. Hence, 
iie arguecl, a proper diet would do much to reduce their numbers. He recognized 
four types of helminths, namely, (1) long worms, (2) flatw'orms. (3> small worms and 
(4) round worms. Most authorities interpret these respectively as (1) the beef 
tapeworm, Txnia sngmata, (2) individual detached proglottids (i. e., “segments") 
of the beef tapeworm, erroneously regardt'd by Avicenna and later workers as com- 
plete worms, (3) the scatwonti, EnltrNiius vcrttiicularis, and (4) the large round- 
w orm, ylscuria lumhrieoides. On the other hand, IChahl fI922) considers the first to 
be ascarids, the second tapeworms, the third seatworms and the fourth hookw orms. 
In the present writer’s opinion, the intrinsic evidence presented by Avicenna him- 
self, both as published in t'enice, 1562, fide Davaine (I860) and in Khalil's own 
English translation from the 1131 a.d. manuscript copy of the original text in the 
British Museum, favors the former interpretation ns the more plausible one, 
Avicenna recorded pyrexia, intense hunger, and at times acute ileus and epilepsj' 
as occasioned by inte.stinal ^vorms, which might e\'cn perforate the bowel. He 
slated that the “round worms" were more common in Ibe young, the “long womw 
in older people Doth the “flat worms” and the “small worms" migrated out of the 
anus. 

Avicenna listed many medicaments to be used in cspcIIiDg these worms. 


e.xtract of pomegranate bark and male fern root; among the adjuvants, garlic. 

• the 

. ducc 

systemic toxemia. He also stated that a febnlc condition contramindicat^anthel 
mintic treatment. For two days preceding specific therapeusis he adwsed a 
lestticted to milk For seatworms he prescribed high saline enemata 

Granting that Avicenna discovered no new anthelmintics and recommend u 
not already known to the ancient Greeks, be was the first physician to re , 
w’orms to the syunptoms they produced and the first to institute 
for the infections. A mediaival sufferer from intestinal helminthiasis couw nai e 

full confidence in Avicenna as his physician. . , ,a.n 

" ■ ■ ■ ' ■ ’ 1 


Greek belief was tenaciously espoused, that wor^ 
within the “stomach" (an instance of effect mistaken for the 

■ ’ “ ‘ ' osen* 

rfthc 

• , ^ ectly 

by the moon but I speak from my constant 
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tlic day of tlie month, and thh haa obliged me to l)elicve.” In consequence, he, 
along ^^ith many other physicians from the time of Xicolas MjTcpsus, a Greek 
physician of the 13th centurj*, prescribed anthelmintic medication towanls tlie end 
of the lunar month. Other physicians as late as ISoo simibrly pre^c^ibcd treatment 
for /l/'rfiri’*and scatwormsaccording to thephaseof tlie moon. 

Gradually the more important anthelmintic prescriptions of the Greeks and 
Romans, as well as the teaciiings of A\iccnna, were forgotten, and consequently it 
may he assumed that the burden of bolminthic infections of mankind correspond- 
ingly increased. Practically every writer on philosophy, natural liKtorj* or plij-sic 
of this period mentioned the prevalence of worms, nhich now became possessed of 
spirits, w ith eyes, ears, nostrils, horns, feet and, at limes, with many heads. Each 
and cverj' scrilie recommended a plethora of alleged new sjiccifics against worms. 
Little hy little the mo«t common prescription advocatinl was a powder of dry worms 
(“semen lumhricorum”), which had boon previously paiwl liy a p-vticnt, based on 
the f-eemingly irrefutable argument, “similLa similibus curanliir.” 

Towards the end of the sLitoenth century' there was evidence of a rediscovery of 
the works of the ancient physicians and of Avicenna. The most interesting docu- 
ment which tlic present author has luad an opiwirtunity to ctamine i« not cited in 
hclinintliological literature. It is a lioautifully fooled, ixarchnicnt-hoiind %’olume, 
entitlerl “Artzncyhuch,” hy Osswaldt Gaebeltliaiiem, court physician to the prince 
of Wuertemborg (Tuebingen, 1599). In part one (pp. 2C(i-2fi8) there is a short 
section entitled “fucr die Wuerm.” In this brief compendium on anthelmintics 
forty seixarate prescriptions wore recommenderi. Several of these, which indicate 
the state of anthelmintic practice in South Germany at the end of the lOth century, 
have heen copied m free translation 

1. For iforms, t»pfooU'j in children- (administer) in worm milk on three successive 
mornings, one-cighth ounce of hartshorn, ohtaine<l on tlie thirtieth of the month; 
subsequently, (take) no food for three hours. 

2 Take a worm which has Itoen [wssed by a per-on, hum it to powder, and 
administer it m foo<I or drink. 

3 Mi'S Venetian {I/e\ant?) wormsowl and honey oxer a fire. Take one sjxionful 
mornings and evenings on an empty stomach. 

4 Drink cold oh\e oil This <ln\es out the womis. 

a Il'Acn <i person i» annoyed vilh trormr /earing the Inhi hy the nwiis or the motdh 
("himlen oiler vomen”) take three Ixindfuts of licorice (root), one liantlfiil of fem 
root and one h.an<lful of fennel leaves Steep in three parts of water until only three 
fingers (height) of the decoction remains. Inluile the vajwir. 

*> Take puhenreel quince leaves find admini'ter with milk. Tlie womi* then 
die An iiifiision of the leaves, pHeol (as« |>otillire) on tlie mivrl, dnves out the 
unrnis III siitnnier utilize the lOp of this plant 

7 f'ortrnrm* in rrmunne rltf’t htlhj steep pinqieniei in vinegar Drink ven 
days anil the womis will come nut of you dead 

5 Stis-p garlie in vinegar and dnnk tsime every day. 

{1 t’mr^tn firr irortn* Ree Senums Gin-a* (i c , I^evTUit wnrni'sssl), drarh i. r ; 
enmil errvi viti , dricli. i ; seimni* rorlulaex. Cauliuni, an. senip I.; S;iodii de 
Canns, scrup s , Rhutwrhi, ilraeli. a ; SarcKari, drach i s. Hat omniuiii I’lilvis; 
inisee 

in Fiir tmrrtt gnatriny in {he Mly C.ake large fem rut*, ilug m .May or on the 
.H>th of the rnnrith Cut to rhrnjs and [Hilvenre Give to voung and old It 
rrrt.aitilv drives out the worm* 

M Foe f/nrirg eiif nrrf* ed tmeynt- tale garlic, honey and Kiu«t.ard hssI Mix 
well .\dmini*ter on an etiiply rtotnarb for three niornitigs and night* a* a “rpread"' 
(if. hke l‘Uttrr on bread). In flu* wav It (i.e , the worm) leave* him 

12 Take a siirineritlv Urge pi<vr of “••wittfsl nsit" (“.•vh'eVwtin"). Male a 



axtiielmiktics Axi) rui'Au vhi: 

liolc jti it and fill «jl}) }ioncy. i' ■ • . •• • 

rectum and again witlidrow it. ; 
on it like small lice. One must 

or of lean bacon. Bind in long conical strips w ith stout tn ine or string.' Insert 
into the rectum and the little worms as ill come out, ns has been frequentl}' demon- 
strated 

13. For' ' tt I It . t , .1 . , , <• 

drink not! ■ • ■ >at goat’s 

milk in a . . that the 

vapor from the milk maj* n«ccnd to him. In tlii-^ vay the worm is draiin out as 
desired. Afterwards has’c him cat pinijicmcl. 

From tlic-sc prescriptions there is intrinsic CA'idence that several of the ancient 
prescriptions, ns hartshorn, IxjA*ant Avonnsceel, fern root, garlic, etc. Mere known to 
the author, and abstinence from food before taking llieee drugs suggests a knowledge 
of AA'iconna’s teachings. IIowcA-cr, the inhalation of tlie Ampor of the anthelmintic 
decoction (nrfc Xo. 3), and the «se of iiaA'cl poultices {vide Xo, 6) suggest fliat the 
<li«ti«\gmshcd court physician was not as logical in the administration of his specifics 
as was AA’icenna. MoreoA’cr, fern roots dug in May might contain more anlhel- 
inintic Aurtue.s tlian tho'-c <lug in Deccmlicr, but the advice to dig them on the 30th 
of the month {vxdc Xo Ifl) i? obA-iously ba.sod on (he superstition that the moon 
exerted an influence on the crude drug as Avell os on the A'orm. The ingenious 
methods recommended in prescriptions Xos. 12 and 13 arc apjiarently discoferies of 
Gacbeltlmuorn’s o\\ n times, but Iiaa'C siin-ive<l as grandmother's remedies until the 
present day. 

Unquestionably the author of the Arlzneybueh was deabng Arith Asenns {t'lce 
Xos. 3, 8), seatM orms (vide Xos, } i, 12) an<l tapeworms (vide Xos, 5, 10, 13), ab 
though in no instance <foef. he directly describe these norms e tj i 

The 17tti centurj* A\as particularly notable for the extension to ® 

anthclniiiitic therapy of mercury, Avhicli had boon u'cd for some years m the treat- 
ment of syphilis it Avns prcscribeil in the metallic form, as a decoction, as an 
infusion distilled with A\ine, or as cinnabar. Other heaiy metals and theu » ^ 
Mere al-'O commonly administered as antbelniiutics during this period, mclu mn 
gold, copper, iron, tin, et . 

found to be particularly 

caused lead poisoning . , 

middle of the ]9tli century. The Engb-ch product was beheved to oe la 

If Godofredus Sikardus, who published “Dc Anthelmmticis”in 1098 

there A%as no importan 

cololirated tapew'orm remedj'. For tA\enty years a secret, 
utilized by itforat in S» ttzeriand and then by iVfadameXouffer after he 
death, to treat mtipnia \\bo rame from all OA’or Euro]>c to be divorce r 
tapei\ ornis ■' reat* 

twice cured a fthe 

ment. Finallj « - . , , i.. gate 

-„ac. ~r *1-- q rommiSHton of JjilJSlCiaWb W ^ ^ .n.,ort 


teenth 
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nnd nineteenth centuries tlic materia incdica of Europe gradually increased and 
cnriche<l by tlie introduction of many plant products from the Americas, the East 
Indies, and from Ab3’ssinla. Among these Tierc several valuable anthelmintics. 
From the Americas there were obtained «uch household remc<hes of tlio pre- 


iiKiii'suiiu <11 1 lopieai Aint'iica, yiu) riimguMtiiit iinii leiaUsi sjKvies, inc .sap 
(i f , Icehc tie higiicrdii) of which was U'«i by tlie natives nf Central America and 
Northern South America to eradicate inlestiiial helminths; (iv) Funs hrlmtu- 
locorlon, a pea-weed nrigirialb* found on the f<iast of Argentina, but “s) jnipular with 
the inhabitants of Corsica, after its introduction into Europe, that it became known 
as “Corsican mns.s;" {\) Munna prnricns, or cowluige, a legume of Tropical 
America, wlmse spino«c iwds caiiseil a profuse diarrhea when con«time<l; (si) 
Sfhornnc^iulon (sjui. IVra/rum) njficinnlf, the ecsadilla of Mexico, wliicli was eom- 
nionlv confu-ssl with the Eurojican helleliorcs, and (xii) Spigelm tiinnimtilica, the 
pinkroot of the Uiuteil States, togetlier with its Tropical American relatixe, Spigflin 
nnthflmifi (Indian jnnk) which h.sd I»ccn mmk! for many ccnttirie*. in Ilraril a« a 
xcrmifiige 

From India and Malaj-a there came Arcot rnftchu, the betel or nreca nut, com- 
monly iitilize<] in ancient tunes bj* the Chinese and mentioned as on ant helminlie h.v 
Avieentia but forgotten for centuries: from the Mollucas and nrunton, Cartrn 
impai/n, or pajiaj-n, containing the nctiie principle papain; from theEnst Indies, the 
coconut; from the East Indie* ami the Fliilippines, Mallotu* philii>pitm*iii or 
Lam.ah, and from Central an<l Southern A«ia, Mtlia ntei-inchia or azfslsraeli 

I.ikewi*e, pxplorery in Ahj-s.*itti.a «liseovore<l two im]>ortant native trees, who*o 
prrMhicts were coii«i<lere«| by the ii.ali\ es to liaxcpiieciflc anthelmintic lahie, tiamely 
.Icficifl nulhfhnin(icn or mu*enna and Ifagrrtin ah'jssniirti («yn liraytrtn nnlhfUntn^ 
Urn), the kouwi. 

IVolmbly the mo«t valiinlile e(»nment.ar3* on anlhelinintie* iitihrcsl in Euro|>eiind 
the I'mte<l States at the clo-e «if (he eighteenlli Centura was the “l/‘rinm nietlico 
pfactichoNipra i princi|iah vrrnu <lel eor|«o uiiwnovixenfe e le ciei delte mal.attie 
icnninies*,’' puhli4he<l in JWfi l>,v Dr. Valeriaiio leiigi Itirm (IMO), pmfe*>s>r ex* 
fra<inliM.Hr> of practic.nl mfslicine in the I'nixersity of I'nin (later tmiolntml into 
(Jerman. Freneh and EiiBh*h) Tlie KiikIisIi tnin«Ln!ion (IR17), which the previit 
author has htu>he<l, l>enrs e\i<Ieii<n* of iHitli s logical and a pmrtirnl gra^p of the 
subject In tmte* l<» hi* Fourth Ixclure, litem rtates (p. 3.VI) “if any one, not 
lunx ing a ininhcnl eihication. diotihl think of prescribing anthelnimtie inrnlirines, lii* 
i« desireil to rt flecl. that tbi* ninnol l>r done either w ith mfrl) or nnx pro*li«Tt of 
niixnnt.age, till he ‘hall aci|uin' (he foltouing mformalion a knowledge (i) of the 
-t met ore of the human IwsK , (ii)of thexit.al|ir«|>ertiesBnd functions of the vnrioii* 
'irgans of Ohs eonijilex ejstem, in a i>oimd Mate; (in) of the de\tatiiiiis from this 

• tale, wtiich ornir in tlie luanv ih'enw of nlurli the{>o<fx i* *ubjeet . ami fi\) of the 
tmslirinal Mrto<*s of (be wxeral article- eallrai aiitlielnuntic, I with a* thex affect (lie 
iTile*tiii.al worm*, and the lixmg Iwslx Ihex iiihalut “ Tins a<lxife |s as ronijire- 
licn*)X(lx Mne tolax as it «n« m IS02 

HreraV trTati*e was the fip-l critical, really wirntific pTr*ent.alion of the ‘ubject 

• inrr that <if .\x in fina, but luad llteiii-tiiM-l adxtintageef prt-filing from the phxfio- 
logieal and r l.iural di-eox < fie« of tlw* I7lh and IMli rentiines 

Iff the nuilli tilde of jilant prxsbicfs |rrrs<-ril«ala*ai)tl'chiii:it!r* during tins js-ri'*!. 

• •Illy the following Wife IreiilintirsJ by Hrsra ,lffoj»a rr;*! (mil'm). .t//iuet rrt,mtn 

(gar hr), (rf^etirtu eiiffoaint (•ant«rfiifa), I'hnopni uf^ nt^.hrviouhi xar nh.'l/fwjin. 
I.rtin (Aiiieri'-.an »onn-»Ts!>, fjalaji). Ar^Uni orrA-r-^v/im. 
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10 cjiscs treated, of wliicli 1 was a kiumn failure I)ecausc the patient 
' ojnited the tlriijj, four laid no adequate follow-ups atid tlie remainder cither 
passed the fiead niotip with tlie major portion of the worms, or were found 
to lie worm-free ten or more months after treatment. 

.Sandpround’s repimen of tlierapy was to preserifjc li to 4 (e. of carbon 
tetrachloride in a little water or milk. “It is not at all nceessar.v that the 
/>atient st/irved before tr<*atmerit or that tliere he a prefiminary purga- 
tion, hut on peneral prineipk's patients have been advised to restrict their 
supper to toast and milk, and to }m\c an enema on the cvenitip before 
takinp the treatment. Tlie drug is piveii tlie first thinp in the morninp, the 
patient refraininp from eatinp until poocj piirpation lias occurred. The 
tapeworm is usually e.vpelled within two or throe hours after treatment and 
thereafter tlic patient may resume iionnni activity.” This investigator 
(loe. rit.) states that the drug has always hern well tolerated, although 
some dizziness and <lrowsiness were exjHTieiiml during the first hour follow- 
ing administration of the drug In the pn^sent nutlior s fiinitcd experience 
with this anthelmintic in ta*nias|s, with Olanher salts purgation the night 
before treatment and witli the patient comfortably .scttlcci in bed at least 
jine-half Imur before adminlstmtion, the patients sulTered se\m* colicky 
pains in tlu- stomach slnirtl.' after taking tlie jireseription and were ex- 
treniel.N uneomfortalde until adeipiate lamel movemeiit.s were obtained 
following jiost-treatUH'Mt jmrgalion. Within another hour the patients 
hecume comfortable, although they were weak au<l dizzy for several hours 
Snndground (loo. cit.) found <-arbon tetniehloride efiieacious for beef tape- 
worm (Ticnia aaffiiiata), pork taj)eworm (T. solium) and fish tapeworm 
(Diphi/llobodiriitm htum). . . • i .a 

Tetrachlorethylene.— This drug, whieli Is a chlorinated aliphatic hjdro- 
carbon (CClj-CClj). possesses higli efficiency in evacuating hoobyorms, 
combined witli a very low degree of toxicity, due to the fact that it is on j 
very slightly soluble in water and hence, in the absence of 
ahsnrhahle fats, is practically nh evacuated in the feces- _ 

tic 

. ' . . 9 ). 


89.8 per cent, while Pesso. 
cent evacuation of Necatc 
nearlv us liigh as that of 


jdne\s 
e been 


' '' , , ■ » post* 

transient lieadnche and vertigo, ivliich disappear laiim.j .'-- - g 
treatment purgation. Kendrick (1929), ^nght Bozip ich and w 
(19.27), Ikarcand Dntta ( 1939 ) ami .S.-ui.lgroum! (IWO 
tetrachlorethylene occasionally produces grave + 1 ,^ first 


tion. Chaiidhuri and JIukerj 


cause ot rteatn. um movk 


.acute JiemorrJi.sgic “'1!"”^,'“ "tjen 
lorethylenc or tl.at mIucIi )■»= been 
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siihjtftwl to considorable heat is likely to lie UH'Iess. This tt)ti(ntioii may 
1)C ilibcovercd if, on opening a plobule or stock bottle, j)li(»'peiie c.^^ is 
<lctcctctl. 

In order to pi\c the drup ample opiiortiinity to attack the hooka onus. 
(Jlauber salts pnrpation (15 Gm. or J ounce in a glass of water) should he 
carried out the night before triMtinent, the drup shouM be admiiiistentl 
in one dose on an empty stomach in the inoriiinp and should be follow ed in 
two houTb by Glauber salts. Pi*ssoa and I’ascjde (loc. cit.) obtaimsl bi'At 
^e^nIts wlien tlie drup w-as taken in gelatin capsules, 'I’he standard tlier- 
apeiitic dose for an adtilt is 5 ec.; for children, 5 initiiins jxt year of ape. 
Gliildren may take it cm a teas|KKm with sugar- 

In mixed infections of Ijookworins ami -l^corit the drug may be mi\(sl 
w ith oil of chenopfxlinm in the amounts of 2.3 cxr. of tlu* former and 0.7 <•(•. 
of tile latter, nlthouph a much sjifer and equ.tlly satisfaetory proportion 
IS 2.7 to O..*! ee. 


n. Terpeoes 

'riiese are unsatnnitnl hjdriK-iirboiis of the molecul.ir formula Cinll,. 
Man.% of them oeeur in nature as essiuitial xepetable oils. Important mem- 
b*'rs of the group are terjHUie, eainphene and Jimonene Two of the 
terpenes. mnlotiini and oil of chrmjKMliiiM, have plajed an imiM>rt.ant rt'ile 
in anthelmintic nnslioation since ancient times 
Santonin — Tliis is tlio neutral |•rtnf^J>!e cvtractwl frenv I/-vnnt wonn«eetl (dr- 
trmmin nna) and other reLstcsl (»i>eeies of Aricmisia wliicli w ere ii'ssl m an tmrrfined 
form by the c.sr!,v (Ircek physicians Tlie ftnietnral formula is 
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It !•« «K!orIe««, colorlevi, Iml tycomes jHIo" on rx|»<>'«re to hcht It is Alnae-t 
iii>oliit>le in mill Moter but (lK-./>t\es iiKM|,-rn<oI\ hcII in alrohoi Ami clilonirnmi 
^anlollln doos nut irrit.ale the miirtis membmnes, is readily AliMirlied frnm llir 
Uiurl And is prarlirvllj i«>i»-to\ir to the Atid rirnilstorj- rystern* 

However, it i« esjimwllv iLinnfiil to the rrntrsl ner\o,i< x>‘teni Ami the rmteo* rf 
the •|«Twl M’nv's, whirh il tefeJs to |wrsl>rr (|V«c>ilIe. 10J7) riiniinvli'<h is 
ttn,«tlv no the kidiirxs 

ATI fliithi'biiiiilie for t,rnri» itsefTect is ntrlx. if rv, r. vennindvl A !».], mt»sl 
dose (OOi', toU iJtSni ) is rflretive milv when rsmibiiKsI w ilh r.slonn 1 (U 2 t<>n .1 (>in I 
And follow rsl wUhiii .1 hour" lo sal. nr inircAtexi IIxH aikI .\iini*liMe (I'*.’'*) 

• n .t*<siroi rnmo aI rate of 27 jier cent loKtntonm .\ltt«»’ich pyrr-xiA i* nut « ron- 
trAindie.xtioii. it ►hoiiJd nexrr mlniinistenxl oti Aneiiiptx ^tnmxrli or «it!i aIiooI,- 
Ahlr oils r<'n-iniiic Its Adiiiiiiistrstiirf, llwre»rr U'tlxIU *<>ii>r in.ef!r»-t.. Xaivi'is Hi 
t\ I** At>d drsTr^. iin-lij.lms mild or »s-xrrr shxrtliex of • iite'ilis, Iw-idirlrf*. rti^i. 
{•I'TitAl eofifsi'ion, oeiiKr d •t'lrf'xnrr-, I xlhiemxteris, (.••ixxit,|..>is. extfrmr «>rxl. 
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rapidly lowered blood^Dres«m^^S^ sfo”' and fechk puJse, syncope due to 
attributed to «„t„,dn tterw! '>"'1 PaWel 

obtahrSm’^W^r”'' f^'opoiium or oil of American rvormsoed is 
n^Z J- I o'-erground parts of the flowering and fruiting plant of 

ItcontamsasitsXfte 

fom“£ "■•'Wh has the following structural 
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It IS a liquid organic peroxide which is colorless, volatile, unstable and has 
a %ery pungent odor. The crude product was used by the Cherokee and 
iMayan Indians nearly two hundred years ago. 

This potent anthelmintic is extremely irritating to the skin and mucous 
membranes, it produces slow, weak pulse and depresses the circulation. 
1 he therapeutic dose is 1.5 to 3 cc., most satisfactorily given in three 
aivided doses one-half iiour apart. >\ltiiough it is probably more efficient 
without pre-treatment puigation, saline catliarsis tlie night before treat- 
ment provides a partial safeguard against its toxic effects. One or two 
hours after treatment safine purgation is essential, since the drug inhibits 
peristalsis. It is readily absorbed from the Intestinal wall and is e.xcreted 
over a Jong period of time by both the lungs and the kidneys. The full 
therapeutic dose (3 cc. for an adult. 3 minims for each j’ear of age in the 
case of children) is near the minimum lethal dose, and usually provokes 
marked gastro-intestinal disturbance, hcachaclie, and, too frequently, 
complete prostration, profound systemic to.vemia and death. Desoife 
(1937) has reported that a first dose sensitizes the intestinal wall so that 
subsequent doses are absorbed more readily. In addition to ataxia^ the 
following disturbances of the sensorium have been observed: tinnitus, 
vertigo, deafness up to two years, visual hallucinations, marked reduction 
in vision, and blindness. Hicse latter unfortunate sequel® usually do not 
appear until several days or even a few weels after administration of the 
drug. It is contraindicated in nepliritis, organic heart disease, intestinal 
ulceration or hepatitis. It should never be prescribed e.vcept under the 
immediate superxdsion of a physici.an. 

Although oil of chenopodium, or its refined principle ascaridol, is ^ 
efficient ascaricide (83.2 per cent w'orm reduction rate ^ith 1.5 cc. of ^ 
drug, 94.9 per cent with 2 cc. administered, according to Caldwcil an 
Caldwell, (1929), its use is today probably not warranted except in ^ 
reduced amounts in combination with carbon tetrachloride or tetrad) 
ethylene, for patients harboring both hookworms and Jjearja. ‘ • 

2.7 cc. of carbon tetrachloride or (preferably) tetrachlorethjleuc 
cc. of oil of chenopodium may be preMrribeil for an adult, with tJie c.xp 
tion of considerable margin of safety combined witli elfcctJ\c res 
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Tills combinwl tlierapeusis, pivcn in one dose, sliould invariably be pro- 
cedcnl tliu niglit before by saline pulsation (15 Gm. or onc-lialf oiinco of 
Glauber salts in a glass of water), sliould be given on a fasting stomach and 
should be followed in one or two hours by a saline purge. Tor children the 
combined dose should not c.xeecd three minims per \ ear of age. and may be 
administered on a teaspoon with sugar. 


highly to.vic projierties in therapeutic amounts (1.5 to 3 ec.), oil of elieno- 
podiurn is no longer used atone in Iiookxionn rlNcasc or triehotephaliasis. 

In past years this preparation has been iise<I nith deinonstrate<I efllcicncy 
in the treatment of dwarf tapeworm infection (Stitt, 1920). Since this 
infection is most common in small children and the dangers re.sijlting from 
administering this drug are potciitiall.v \erj' grave, it .slioiihl not In? em- 
plo^ifl. Patients .should bo warned against taking proprietary \crmifugcs 
uhich at times contain nst-arnlol. 

m. Phenols 

These are hydroxy-comiKuinds wJiicli arc derived from the aromatic 
hydn>carbons by the .substitution of hydro.tj> bgrnnps for atoms of hydrogen 
and become united directly with carbon of the nucleus. They arc con- 
veniently subdivided into (a) monoh.vdrie, (b) dih.vdric nn»l (e) pol.vhjdrie 
series. Anthelminties of the fiM series IneJude thjnwl and beta-mphhol, 
those of the .scvoml scries, cri/siouh mithelminlic, and llio«e of the third 
series. //icic nd/I (tlu'clToctive principle in /lj/«diunj/i/u’»wm.t)'nnd latiiaUn 
(In kamala). 

Thymol.— -Tins druB, uhich is ohtainrsi from scveml ri^ecies of plant* nnd is 
rupplirti in pure erj-.-tallino form, is metliyl-isopropylplienol (CVUnO), a mono- 
!i>dnc phenol. Its ^tnictnral fonmihs i' 
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It ron*i«ts of rol<irl'*s4, trsfi-hinnt rr>>t.sl-*. «liirh a rhsrarteri-tir injnr»-'it 
'■lor, IS pfinrrfly •olntilo in «.sf<*r, inchlv' Milulde in ctiinrofonn, anil 

oh\p ml. It lirrn tiv>ii for tbf* rradication of hnril^annn rinre <»n<J 
th»Trsf|iT l>orsme p-nffallj a«l'>pt«l for thisu-'*, alttioiich Ui'* fif>t rnliral ptiamis- 
and rJiinr.al tc*t< «rrr csfricsl rtit liyCaiiis and .MhS'kar (jnjpj Tlir«f 
iniMtjfatun rUtnl Ihst Itijinol i« a fwiarrful srnniri*!'* anil tLst any ammint of 
Ih** cJnjB fnnn ."Jil to ffl r'am- (2 lo A iroms), adnunel'Tr*! in oni* do^**, ssill pfD>‘r 
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effective m elmjnating hookworms. They claimed tfxat it had e'^scntiahy no toxic 
effect.'' on tJie patient and was eJiminated from the .system Kithifi ducnty-foiirhours 
rutlicnnorc, they found piirRation before or after treatment was not essential fnr 
satisfactory results Darling (1920) obtainwl an average of ?SC per cent uom 
removal after a .single do‘'C of 60 grains (4 Gm ), administered one hour after 
Epsom salts pingation, n Idle Ashford and Igaravide 2 : (I9II) obtained 68 8 per cent 
cures after sc\'cr.al courf-os of treatment extending over thirty days. Chopra (1936) 
recommends for an adult tw o or three dix'ided doses of from one to two Gm. each 
(15 to 30 grains), pondered or hneJj* granidar, raked iw’th lactose orsodhiin hkar- 
bonatc and folloncd nitliin two hours by saline purgation. 

In spite of tlie claims of Cams and Mhaskar (foe. cit.) thymol has been found to 
have noteworthy toxic properties. It irritates mucous membranes At first it 
mildly stimulates, later it dejiresses the central nervous system It produces head- 
ache, tinnitus, extreme vertigo, a subnormal temperature, and collapse, if ad- 
ministered in excess. The kidneys are irritated by the drug and albuminuria is not 
uncornraon /oUouing it.s adrainisfratioo. 


Beta-Naphthol—TJiis drug, which is a synthetic, white crystallineprepara- 
tion, is ^-Jiydroxxm.aphfha/enc, Ciofi*0, a monohydric pheno/. Its struc” 
tuml foriniila is: 



It is a whitish to yellowish-white crystal substance which darkens nith ape 
and on exposure to light, has a slight pIienoHc odor, dissolves sparceiy m 
cold water but readily in alcohol, ether, glycerin and olive oil. bas 
Used to eradicate hookworms since 1904. Cains and ^Ihaskar (19^ / 
critically tested the efficiency of tJiis anthelmintic and reported a J o 
per cent iiookworm rcmox-al rate with 3.3 grams (50 grains) gi' en m 
doses. They stated that it requires no post-treatment purgation an 


safer to give than thymol. . , i _ 

In spite of the above claims, experience has shown it to be , j. 

than thymol and much less efficient than either carbon tetrac 
tetrachlorethylenc for the removal of hoolw'orms. , 
properties must not be passed over lightly, since it irritates 
branes, and in full therapeutic doses at times produces 
abdominal pain, nau.sea, vomiting, diarrhea, muscle spasm, am 
respiration, while its continued administration Vas 

convulsions, respiratory gg g p^j. cent 

frequently painful, urine Jlvidez! 19W 

of Ashford's patients in Tuerto Jtico trtsmyiY J'.' V ,„;o}opsiasis- 
Torlay /S-naphthoI is rarely used as an antiielinintic excep 

^^efystoids Anthelmintic (Hexylresor^ol Crystoids).~This dih; dnc phe 
is a white to light brownish crj'staffine substance. 

Its structural formula is: 
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It has a pmipent tvlor and n sharp, astrinpfut taste It is pniotioallx 
iiisoluhle in nater (I:2(KK)) hut is readilv ^oluhle iti alccilinl, ether, fhl<>r<>- 
form and olive oil. Ilohhiiis (MKU) ileinonstrated tliat ahout 70 per cent 
of tile inpested do^e is e.xeretwl unehaiipetl in the feces and that the n*- 
mainder is reco\erc<I from the urine as the ethereal ester Althouph tlie 
crystals of he.x^slri'sorcinol, on direct contact with the tonpne and nincous 
liniiip of the mouth, prcxlucc a painles-,. very sujierfieial erosion, siuple larpe 
doses or repeated doses over lonp periiHls of time fail to pnHluce any 


( 

complaints of pastrie <listress when fcwKl is taken within two or three hours 
after its administnition, he\\lre>oreinol nia> la- states! to prexlncv no tll- 
efTccts It has no essential <s»ntraindieatHms if the reeominendatioiis 
eemeerninp the methods of treatment an* carefully follow isl 

Today this drup is the .safest and most efficient n-'carn ide. Tlie erj •*toi(N, 
in hnnl pelatin capsules, are asailahle in O.I pram and 2 pram amounts 
Wien taken in therapeutic amounts m a sinple ilose on an empt.s stmnae h. 
with foexl omittcel for -I or “> hours, so that the dnip will not he ali'orhesl 
hy the f<xxl and thus he l(*ss efficient apain-t the worms, lie\.\lre*son*mol 
has a worm renunal rate of 8t to |ht <*ent {IxeniNon, Hrown. Ihihhtiis 
nti<l Ward, HKfl) and a enreneteat time*' ns hiph as 7.) t»r M» ix*r fsnt Teir 
an adult or a child os or 10 yeiirs of ope. 1 (Jm is the ilu*r;iiK*utic diKe. feir 
e'liihln'ii of preschool ape. (I.-I to 0(» (im . iiml for elnlclrrn in eh*mentar\ 
scluKils, 0.(5 to 1 0 (iiii. Altliouph it is not ms-es-snr,' to pi\ e |HiNt*tn*atmem 
pnrpatiofi to pnitect tlic patient fnmi the time efTirts of tfte dnip. ft e* 
desiraljle to pnnhle purp.itiim to esneiiale dead ami d.Mnp worm’», who«e 
h\-ph»diK ts an- \er^ irritntmp to iinM p.itients 

In a M'fie** of .AlO <aM*s of S'rrator •iiiirrininii^ itifis lion I.-inwin. Ilrow u. 
IlolihinH mid Wanl ohtninisl to V* |ht leiit e\aen.ition of the 

woniiN ami J2 jh r is’iit c ureswith a •‘mpic iIom* of one (»in of the dnip, S-’* to 
{•7 iHT is-nt Worm reimwal and to S.S [xt <s*nt nin* with two nai'^s utiv e 
d»il\ doM-s c>f (I li (im e.iih Tlii-'e iMtieiit'*. ino-th m Imol i hiMn*ii, wrn- 
piM'ii v'diiic purpatiori the niph! Iwfon* tnMtiimit. n-fnuiusl from t.iktnp 
their tnorninp meal, fii'tisl for } or .’i hour, after tn*atnirnt mul wen* pnen 
tMr>t-tn*attiieiit piirp'itioii, < nlo r with -silts or inniend oil In the author's 
exiK-rieiin-with nmsimpileatisl hookwonn infiTtioii erx'toiip nnlhelnuntie 
ui I (Jill, amounts in one dos<> n moscs approxnnali I\ 7.’* {ht ts nt of the 
woniu. 

'Pile sj).Ti.d nd\nnfaprof this dnip is its romp imlneefTii oiirs and prr.it 
-ofitj in (sanitinisl infis tioTis of iiiwikwonn and .l•o>rl• 'Hn hltrrwill 
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frcqijcnt/y all be removed with one eoifrse of trentrnont. If, in addition, 
there arc about 500 hookworms present, approximately 375 will be evacu- 
ated witlj tlic first treatment, while a second course within a week will 
remove enough of flic remainder to nxiucc the infection below the threshold 
of clinical importance. 

Rogers (1944) found that the efficiency of crystoids anthelmintic might 
be incrcascil by a tcebnic to increase its activit}’ tliroiigh mucus •md the 
euticula of ncmatofles. lie suggesfctl the following; Reduce the mucous 
surface of the bowel wall with atropine; decrease the viscosity of the 
mucus; witJiliold food, and employ sodium olcate (0.2 per cent solution), 
scKlium laureate (0.125 per cent solution) or an actual detergent to rentier 
tlie surface of the worms more permeable. 

Crystoids antbehnintfe has been demonstrated to be moticratcly lethal 
to the jiinworm, provided the drug actually conics in contact with the 
worm (Faust, D«ycr and Casparis, 1937). Some of these worms in any 
given infection arc usually present in the cecum and appendix, while others 
(usually gravid females) are migrating down the colon and rectum. Oral 
administration alone of this drug is usually effective only against the pin- 
worms in the vicinity of the cecum. Hence tJic need for supplementary 
intra-rectal therapy in tlie form of high retention enemas of a 1;1000 solu- 
tion of the drug. 

If the crystoids arc administered ns recommended, no discomfort is occa- 
bioned, but at times considerable colicky pain is produced by the retention 
enema, especially in small children, who may even develop signs of con- 
vulsions. In such an c\‘ent the enema must be evacuated at once and a 
sedative (sodium amytnl or sodium bromide) administered.^ 

Tfeing the usual tlierapeutic dose of crj’stoids anthelmintic (one Gm. for 
adults in iiard gelatin capsules), Maplestonc and Jlukorji (1932) had no 

■- * -e A . t. « • . a*hich follow-ups for 

• • • (1938) reported on 24 cases with 

■ . ' catharsis the night before ther- 

apeiisis, this investigator gave the dnig (1 to 3 Gm. in a single dose or »p 
to 3 Gm. on each of two consecutive days) in a large amount of wa er- 
Mineral oil or saline purgation was given one hour after administration a 
food u’as proscribed for several liours. Tliere were 7 apparent ‘ 
Sandground (loc. cit.) commented lliat 1 gram may be V" ,j ^ 

patient and in another 3 grams may not be successful in remoMfio 

in children witli dwarf tapeworm infection crystoids anthelmin^c js^di 

dnig- • ■ . • . 

The a 


child I ' " . > jS 

Purgation the night before with Glauber salts (15 Gm. or 4 fn 

of water), administration of the drug on an empty stomach ^ 
the morning, and Glauber salts purgation about 9 a.m. ^ ,.il jf 
as a rational procedure, Tl.e patient f ^ “—t 

adequate bowel evacuation lias been obtained. ^ Ins trea 
repeated again and again without danger to nre- and 

considerable diarrhea, better results may be obtained lij omitting pr 
post-treatment purgation. 
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In 193“ McCoy and Chu nset) crj-stoids antliciraintic in tlie treatment 
of 129 cases of Fasciohp.ih btiski infection in China. Tor children 1 to 7 
years of age 0.4 Gm. was administered; for ohier children up to 13 years 
of age, 1 Gm. Fifty-four per cent of the jJatients were cured ami an addi- 
tional 23 per cent Jiad a 90 to 99 per cent reduction in their FascioIniKti.f 
egg-count. 

Aspidium filix-mas (Male fern).— This polyhydric phenol is tlie best kium n 
and most commonly used anthelmintic for all species of tapew orni^, and is 
probably the drug of choice with most jiatients. It dates from carl\ (ireek 
medicine. It is obtained from the rhizomes and stipes j)f Dri/oplern Jihx- 
mas (syn. Aspidium^lix-mas) am] at times from other ejoscly related ferns. 
Tile lin'tish I*Jiarmaeopa*ia recognizes the c.xtract, tlie I*. S. I’liarinacoiia’ia. 
the oleoresin. The latter is possibly more potent but it is stated to be 
somewhat more toxic. The anthchnintie principle is /ilicic acid or fihem, 
an amorphous powiJer, which constitiites21 perernt of the frt•^h oleoresin. 
Its stnictunil formula is: 


OC C(CII|)| 

cfifco 


It is a white crjstnlHiie substance wliich is insolul>Ie in wafer ami sp.irlngl.\ 
soluble in alcohol and ether. 

In preparation for treatment w ith the oleoresin of m.nle fern the patient 
should he advised to nhstain from eating any nbsorbalile fats for fort^ H'ight 
houn prmsling speeifie niedieation and shoiild preferably take onb n 
semi-liquid diet the day before treatment On tliat night Glaulier .salts 
purgation (15 Gm or \ ounce in a phiss of water) is irconimemhsl. On tiie 
morning of treatment the iwticnt abstains fnan food and is maile rtnnfort- 
able in b«l. At 7, 7:.30 and 8 o’chK*k each an mlnlt patient takes 0 9 to 
1.2 tx*. of theilrug in capsules, while ehildn"n take one minim for e.xeh sear 
of age up to lifltvij jears. 'JVo Iioiirs after tlie drug h.as laxui takc-n 
(•l.xulK’r.s.'iIts purg.il{on is rcxxnniiiemletl. So ffKxl is i>ermitte»l until then' 
ha\e Ihx'ii one or more copious }>o\\el moxemeiits. 

The quieter tlie patient remains during the treatment, the le-s likib 
are toxic .sjinptoms to develop. Nexertlieless, tbenijH-ulie dirsi-s max 
pnxIiKT hcailaelie. xerfigo, nausea, vomiting, xevere nlxlommal cramps 
and «li:irrliea, los frixiueiitly bilimbinemia. jaundnx*, ijhimiintiria. and 
ibspnrn. On rare oetjusimts, iistmlly when ui'tnictions have m)t Ixxn 
nirrirtl out, tlien* m.ny la* conxiiKioits. Io\s of nflexes, ojitic itriirifis or 
blindness, ifspiralory uml caixli.ac failure The'><* s.nnptom« are due tr* 
the irritating pro{v’rlies of the drug on the g!i'tro-inlr«tinal mmxt^.i. 
ixrssiblc necrosis of the lixer jumielix ni.n. |«ndxs}s of iio?i.A|rnt«x| miwhs. 
owd rxex-ssix c Mtrnnl.'ilton of the <pinn1 coni 

Tor rhiltfn'n or luhilfs the dnig Inns Ixrn inlubitisl in n single d<«'e intt> 
the duiHiemim. In Golob ititnMlnrtxf inlni-«liJ'«h oal iiitii!i.ition of nii 
etntibton «x>nl.niniftg flir oleoresin of fji.nlc bni. mmihge of aean.n nml 
I.pvmi salts. 'I'hls h.-is Ik-* n nuxlifinf l»y the niithor and In' n»M.ri.ifcs b\ 
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replacing tlio Lp'^nin sjilts with Glauber salts and reducing the amount of 
the anthelmintic to one-half that advocated by Goloh, as fo\lo\\s (adult 
<fosage): ofcoresina aspicfu, 4 cc.; inuc. acacim, "(10 cc., and sodium sulfate 
(saturated solution), 110 cc. The patient is prepared by Glauber salts 
purgation the night befoi^ treatment and on the morning of treatment 
takes no food. In the pliysician^s office or clinic treatment room a duoflenai 
sound is carefully passed, then the emulsion is slowly intubated. The 
patient remains in a resting horizontal position for about a half-hour before 
the tube is witlnfrawn. Ko |)ost-treatinent purgation is required. Tlib 
metiiod of lulmiuistration has considerable advantage over the fractionated 
oral tr(.*atment. 

Oleoresin of iimle fern should not be administered to patients nho are 
pr(»foundly anomic, to those wlio are debilitated, to the aged, to infants 
under one year of age and to pregnant women. However, if a pregnant 
woman is infected with Ttenia solium, in ortlcr to obviate the potential 
grave danger of cysticercosis cclltilosie resulting from internal autoinfection, 
it may he necessary to risk treatment. 

Desoile (1937) lias called attention to ocular and other neuroses which 
may develop from systemic absorption of the efTecthe principle of male 
fern, ('linically these include unilateral or bilateral blindness, severe 
amblyopia, cephalalgia, vertigo, drowsiness and even coma, tetanic 
seizures, trismus and intense opisthotonus. He states that heraobtic 
jaundice has also been observed as a sequela. ^ • • j 

In the average case of tremasis, if the oleoresin of male fem is adininisteiw 
according to recommendations, the scole.v of the worm sliould be 
in about 90 per cent of t(ie cases. With intubation the cure rate is prooiibl} 
somewhat higher. ^ . .... 

Kamala. --Since the days of the distinguished physician V , 

the Krenoh have favored kamala for broad fish tapeworm infection (qipn) ' 
lobothriasis). The elYcctive principle, kumaiin, is a polyhydric . 
The unpurified kamala is obtained from the glands and hairs covering 
fruits of the East Indian spoon\voo<l tree, Jfafhliis phihjrpuiensis. ^ 

Lemaire (193G) states that G to 12 
to an adult, 0.5 to 1.0 Gm. (8.3 to •' 

fluid extract is used, the dose being . _ , ...j. 

to age. In case the worm has not been expelled within two xiours * 
treatment, castor oil is administered. 


IV, Phenylamines 

The first mem.ber of this group to be isolatetl was analine 
distilled from indigo in 1820. Diphciiylainine is an 'L 

utilized in the dye industry. One meioher of this senes, / anfheJ- 
(thiodiphenylamine) was first testcei as an insecticide, then * f t,,pian 
mintic in veterinary medicine ami somervhat later for treatment of Imm 

enterobiasis. , ,, „...f„i nmvder prr* 

Phenothiazine.— This is a light yellow, sublimable cr^ It is 

pared by fusing diphenylamine aitli sulfur in the P’^tence 
insoluble in rvater and sparingly soluble in organic solvents ami 
Its structural formula is.: 



/'A7;.SA’A T-l)AY \STIIhLM}\ Tics 


xn 

H*f’, 'cjr. 


As sm antlielmiiitif phenothiazint* has Iktii achiiiiiistiTcd olinitally hy n 
number of persons, includinp: Do Kds et at., Iluhbc. Johnstone, Jlost, Si\k. 
IJcrcovitz, ^lanson-IJahr, Kuitunen-Ekbaiim (1940). an<l Hesclucns and 
Lamy (1047). In nia\iimiin tolentleil (h^es the clriij: has an app.arent 
SO per cent enicHcation rate for I'.n(cn)btm ernntculnnx follow ins «ine cour-e 
of treatment. Hatlier frecpientl.\ in hiphcr dosts it has been ac<a>mpanic<l 
by acute hepatitis, heinulytie niieinia. albuminuria and lieinatiiria In 
tolerated doses (7 (Jui. in 4 tlays for adults) it <KfasionalIy causes fe\er. 
rash, pruritus, edema, nausea ami \oiiiitiii;: Deschieiis and (/ c ) 

advise that phennthiazine be withheld fnun children and be resorved for 
certain adults free of anemia, hepatitis and nephritis 

V. Methylrosanilines 

This t;roup is derived from triphenvlineth.ine and c-onstitutes ,in e\- 
tremely important series of <l\ es I’he pnxluet umsI medicinallv is pentian 
violet, iv dark prt'cn crystalline p<*vv«lervvhieh dissolves asa 2A to 4 jht cx-nt 
solution in water, 10 per ernt m idtxdiol and abimt (» 7 jx-r ix-nt in p|v(x'rin 
Gentian Violet (Medicinal).— (•entwii violet imxlh'inal is either i>enta- 
methyl or hexamethyl pararosanilin or a mKtiux* of tlie t"o sulistnnees 
Its btruetural formula is as billows- 


((’II.), NC CN (Clb)- 

IK' cii lie eii 

I ]i i ii 

nc eii lie eii 

'*<• . „<• — 

I! 

e II 
nc 


ne eii 

t ’\ (II. 
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Ilripiiinllv rtxs)iiiiiii'iid( d »s ;i sj^i-ifi,* for the ( buM's<* ||\rr lliike, ( Innofchis 
JUfimtit, l,y rniisl and Van (l‘.»-d). it was first lcst«d niitl r»xsiinnu ii<hsl in 
strtmpyloidi.xsis by Ilelainpeii (19J9) ami vias first iimsI for thi’ ptirixise in 
the \\ (-stem Ileinisitlirri’ bv laiist (19.'WI) Ibl^inpen (Irx* eit ) dni not 
(Ivim th.it pentian violi-t ctinxl stn>iipvl<>idi.x'is but st.ntitl tfi.at it tisimlly 
nllevLit.sl svniiitoins and rv«lmxsl the r,*siii«'p!iilin Diirmc tlie isi'l 
derndr it has Uxxane the drop of » Inner- in Mn>npvloidi.isis 1 he 
rt"/r/r nj trrtttmrnt for nii adult (s»n*ists in tiir«>nil adiniiu't ration of penli.in 
violet inei!. I'Js.p iti l^dir .S.il-lns tntrrn r,«.ilrtl t.ihlets, di-opnetl to 
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(iisoiiarge the maximum amount of the drug in the duodenum, ^^here the 
worms arc most eoncentrateti m the mucosa. It is given before me-ds in 
amount of tivo | gram (O.OTi Gm.) tablets, tld. until 50 grains (3.3 
Om.) have been taken. ' 

Many of these cases have been freed of the worms by a single course c! 
treatment, but some liavc remained infected even after two or more com- 
plete courses. 


2/ cure is not effected by omi administration of the drug a single trans- 
duouenal intubation of 25 cc. of a I per cent solution of gentian violet 
medicinal is freguentl>’ sufficient to eradicate the parasitic females, particu- 
larly those which are deeply embedded in the mucosa. The patient omits 
breaHast on the morning of treatment, the duodenal tube is placed in 
position under a ffuoroscope and the patient is required to He down for an 
hour before intubation, during, and for two hours after intubation. The 
tube is reroo^-ed carefuliy about one hour after treatment. If any of the 
solution is carried hack into the stomach, \'omiting may be expected but 
this does not appreciably interfere with the effect of the drug. A check on 
tliesc cases for several months after treatment has shown several to be 
negative. By this technic the upper levels of the small bowel are deeply 
and adequately stained by the dye and thus a lethal dose of the therapeutic 
for the parasites is provided (Faust, 1038). 

For refractory cases and for those with Strongyhides infection of the 
bronchial epithelium, it is feasible to Introduce by vein a one-half per cent 
solution of the dye, made up In distilled water and filtered. Amounts of 


remains hospitalized during the period of treatment (Faust and i ao, lu-u;. 
Physicians are advised not to use solutions more concentrated than 0.5 per 
cent, or in amounts larger than 20 to 25 cc., or to give the therapeutiemore 
frequently than every other day. 

Tests in the author's laboratory on experimentally infected dogs ha\e 
demonstrated that, when gentian violet reaches the parasitic female uorms 
in sufficient concentration, it invariably kills the worms by combming with 
their cj’toplasra. ^Vith enteric-coated pills the difficulty lies rn the me 
that the coating may not dissolve soon enough to reach the greatest focus 
of mfection in the duodenum; or the dye ma>’ penetrate only thirougn te 
outer portion of the villi and not reach the worms down below the g/an u . 
crypts or in the stroma of the glands. . . . . . 

Most patients tolerate the enteric-coated tablets of vm e , 

some complain of nausea or colicky pains in the pit of the stomach. 
mental dogs show some hyperemia of the intestinal 
tion of the dye in solution, and even in enteric-coated tablets u it P 
by saline purgation and given stomach. . 

It is recommended that one 
tablets be first administered. 

duodenal intubation of the dye in solution is proouoo 

a preliminary study on the therapeutic ^ pereon^ 

oxyuriasl Wright, Brady and Bozicevich J938> fo.md that of 
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with treatment completed, 112 or 91^ per cent ^^erc negative following a 
full course of tlie dye, as tested by post*trcatincnt swab evaniinations. 
This was confirmed by D’Antoni and &witz (1910) and has become stand-* 
ukI treatment for oxyuriasis. The preferretl method of a<lminlstmt{citi of 
the <!rug is as follows: 

The dnig, in four-hour (Seal-Ins or EnseaK) enteric ct»ate<! tahlet.^. is 
taken three times a day before meals. Koran adult, two J-gniin (O.TO Gm.) 
tablets (f. e., 3 grains or O.IS Gm. per diem) are prescribed; for cliildrcn, 
I cgm. per dicin for each year of apparent (not chronological) age. .\fter 
eigiit days, the patient is alloa-ed to rest for one week and then takes an 
adtiitiona! eight*<!ay treatment. 

During a course of oral administration of gentian violet mc<liciiial in 
one-and-one-halMir. or four-hour coated tablets nausea and \oinitiiig 
may be anticipatcfl at least once or twice- Only when the patient vomits 
the drug on several suecessi\e ailministratioos. or develops acute intistinal 
c<ilic, should the course of tre.atmciit Wat least temporarily interrupted or 
di'corjtinnrsh 

VI. Piperazizie Compounds 

One syntlietlc compound of this scries, which has been .screened phannar- 
ologicnlly and testc<l in c.xpcrimental anim.als for its nnthelmiutie proper- 
ties, has reached the stage of clinical trial. It is J-<hVtfi}/ enrbamyl-l- 
7iiethjl pijKmzinc hydrochloruJc, or '‘Uttraznn.” 

HetTMin.— This is a colorless, crystalline substancs* which is highly 
solnhleiti water. In a one f>cr cent .solution it has a pH of *1.1. Ilsmoliin- 
hir weight is 231.0 nii<I its stwctural fommU is ns follows: 


CM, 

I 

N 



X 

I 

I 

N C.IK 


Ilrtniraii is to In* iKUi-irrilnting, ca«*.«l no lof^d nii(-'fhf-«i.i, no 

oplithalini.n. no elhrt on bliHuf *ijg3r>. Its rfirrt on bliKu) pn-ssijre is •iiiiil.ir 
If) that of epinephrine. It is rlin>ifi.itnl prinujMlly by the kidnesx, iiifnijy 
m an uiKhangtsJ state. In rsiterinienml aniin.nls toiir «hr.(s, rou'ifleniMi 
Ik-Iow tin* Irili.il fjovo, at lirnrs proihiortl n.itiv.a, somiting. sliiwring anrl 
totiir com ul'ions 

lb irar.ut apparrntlv h.ni no effect »gain«t intc*>(in.il hehuinth' oinl 
non/oni, Ibiwever. it H \rry cffrctiie in fil.iri.a iuf«ijoti«. 
tiwhidiug n(xtKis»ft’s fi!.sri:i«is and onchocerco'i*. 
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SantiaKo-Stevoason Oliver Gonzalez ami Hewitt (1047; have reported 
on J(! clinical trials in UWiereria Imncrofli in Puerto Pico. Twenty three 
ol this number V ere symptonilcss cases. The drug was administered orallv 
* (Ijiiiy f^or three to twentj'-one days, in amounts totaling 0.5 

to ..0 Cim. per kilo of bofly weiglit. The treatment was relatively well 
tolerated m every case, but fever, headache, nausea, lumbar pain, adeno- 
patliy, rash and other uKerRic manifestations were encountered. There 
was a marked reduction in circulating microfilariie and in 13 patients 
examination for inicTofilaria.* became negative between the ninth and eightv- 
tliird day after beginning treatment. In only one patient was the treatment 
considered to be ineffective. In British Guiana Kenny and Hewitt, in the 
trt'atincnt of 239 cases of Bancroft’s filariasis, liave provided additional 
evidence of tlic specificity of Hetrazan for tin’s infection. 

In Me.xico (Mnzzotti and Hewitt, 1948) and then in Guatemala Hetrazan 
lias been tested on onchocercosis since 1947. Tlic earlier dosages (1 to 2 
nigrn. jht kilo of borly weight), basc<l on tlie Puerto Rican studies on 
Bancroft’s filariasis, were necessarily reduced bc<*ause of serious side effects. 
Kven with a considerably lower dosage an almost intolerable pruritus de- 
veloped, ns well ns edema, weakness, fever, and, in one patient with ocular 
complications duo to the disease, temiwrary Idindness. There is es'ideni^ 
that in onclioocrco.sis Hetrazan is filaricidal but it is problematical if 
patients can t(ilcrat< a sufficient amount of tlie rinig to be effective. 

VU. Sulfonic Acid Derivatives 

A considfrablc luimber of upu-tnctallic sulfonic acid derivatives have 
been syntliesizcd by German and Prencli chemists for testing against 
Trypanowna yambiense and T. rhodcsiense, the organisms prodiic^ 
African trypanosomiasis in man. The earlier efforts produced tp-pan red 
and trypan blue. In 1924 Hcyinaim in Germany and Fourneau in France 
svntlie.sizcd a complic.ated chemical compound of molecular weight 144 
(bestcrlin, 1939) or 1428.7 (Merck Index, 1940), which has come to be 
known under a variety of names, viz., Bayer 205, Fourneau 309, germanin. 
moranyl, antrypol, napluiride, naganol, suramin, belganyl, etc. _ 

Naphuride Sodium (Gennaiun, Bayer ^5, Foomeau 309).— This is a Vi i e 
powder, which is thermostable and is freely soluble in water, althoug i 
requires ^ igo^ous shaking to get it in solution. According to (Jes er 
(/. c., p. 150) the molecule of Bayer 205 consists of 2-napbtlp-Iamvnosutfonw 
acid, 2-aminobenzoic acid and 2-inethylanMnobcnzoic acid, and le 
tural formula is on following page. . . ., ^ nf both 

This drug has been found to be very effective in the treatine 
Imraan types of African tr,>'panosomiasis during the acute s ap- 
administered intravenously as a 10 per cent solution, m doses o P 

cL'lJafS n,aphuri.le * in the treatment of Bancmft. 
filariasis in Puerto Rico and onchocercosis m of filariasis, 

able evidence of the specificity of this drug m Va during 

although considerable discomfort u'as expcncnciHl !)\ the I . 
the course of tre.atment, 
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Emetine HydfochJoride.— Emetine, which was discovered by Pelletier and 
taventou, m 1817, is insoluble in water. The hydrochloride, a white, 
odorless, crystalline powder which becomes yellowish on exposure to light, 
IS highly soluble m water. As a C per cent solution in water (i. e., 0.06 Gm. 
m 1 cc.) it is available in sealed ampules. 1\TiiIe its greatest use is in the 
treatment of amebiasis of the liver, it has demonstrated anthelmintic value 
in fascioliasis (ride finpra, p. 178) and paragonimiasis (vide supra, p. 242), 
but its usefulness in schistosomiasis is questionable. \^en administered 
in Enseals capsules by mouth Burrow's, Morehouse and Freed {19d7} found 
emetine hydrochloride to be highly efficient in removing Trichocephalus 
from mental patients but it product severe intestinal irritation. 

Pelletierin. — This anthelmintic principle has been used since the days of 
the Egj’ptian Middle Kingdom for removing Txnia sapinaia and even 
today has considerable popularity. Pelletierin tannate, pelletierin sulfate 
and pelletierin hydrochloride are all employed, but the first mentioned is 
preferred by American physicians because of its low’er toxicity. The 
therapeutic product is "a mixture of the tannates of the several alkaloids 
obtained from pomegranate, Piinica granaUm” (U. S. P. XI, p. 278). 

Pelletierin tannate is a tasteless, hygroscopic, yellowish powder, only 

sparingly soluble in w'ater. T * ’ •— — 

stomach in an amount not r • . ( 

is followed within two hours oy a saline puigAuv*.. *. 

(1929) it has only a 35 per cent efficiency in removing tlie entire worm. ^ It is 
believed to be especially satisfactory for Tamia solium but is ineiTective in 
removing Ilymenolepis nana. In therapeutic doses it^ causes colicky 
diarrhea, headache, vertigo, drowsiness, and at times vomitingand diplopia. 
Medication in excess of the indicated dosage may result in weakness, 
ascending paralysis and temporary blindness. The therapeutic dose and 
method of administration of the hydrochloride are similar to the tannate. 
No alcohol should be permitted for forty-eight hours preceding treatment 
and for twenty-four hours aftenvards. 

The sulfate is popularly prescribed in a preparation known as Tanrets 
pelletierin, which contains, in addition, e.xtract of catechu (pelletierin 
sulfate, 0.25 Gm.; extract of catechu, 1.0 Gm.; syrup of bitter orange 
peel, 25 cc.; aq. dist., 10 cc.). It is followed in one-half hour ^ 

ounces of castor oil. This preparation is very expensive and de eno e 
rapidly in the Tropics. , , 

Infusion of fresh pomegranate bark may be prepared y 
50 grams in 750 cc. of water for twenty-four hours and ^ 

ate to 200 cc. The full dose is taken on an empty stomach and s fol o c( 

w’ithin an hour by a purgative. The dose for children ^5 one- a 

adult (Stitt, 1929). 

IrecrTseL ^ has been used in 

China for tmmasis for annul These f!”*® F^'Vasf. 

Areca calechu, which is cultivated in Southern 1“ ■ ‘ , wiiicii acts 

Their effective principle is the aikaipid “7“':" (1 1 the 
much iike piiocarpine. A decoction is made of 30 B ; p|,arroae!cs) in 
dried powder or shavings of the nut (obtainable 
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li(K) (()| oiinws) of water. The RJixture is Imihxl for thirty 

iiiimitcs over a water batli. The patient is adi/scd to eat only lipht fon<| 
for a <hiy or two before treatment but nce<N no catharsis unle-s he is eon- 
stipatwb The deewtion is taken in the inorning on a fivsting stomach and 
f<KKl is proscr;bt“d for six hours. bone! inoieiiient, containing the worm, 
may be untieipatMl <jne to three Imun after treatment, uithmit ptirpation 
In ease tbe head is not obtainwl. Ian (Iw. cit ) rcc-oiinnends mi enema of the 
dt'C-oetioa half strencth. In 10 cases treat«l with betel nut this pb.\-sician 
evjH'lliHl 1,") tajH-worms, of which 10 were ra’iiih garjtnala, 2 T. saUum and 
') not desipnatid. Of the total innnWr rccovererl ID possessed heads, 
’nierc was no rtrurrence of tnft'Cfion in these cases one and n haif to two 
anil a half se.ira later. One jiatienl whojKisstsl a worm without a head was 
nej:ati\’c sjt months later. 

’Hiis prescription is statfsl to W cheap, esscntiall}’ noii-toxie in doses of 
dO grams of the drletl imt and is bclievwl to l>c successful when other 
tn'iiiafiiges have been ineffleient. 

IX. Antimony Compounds 

In 1018 <'hrisinpljer>«>n first «sc<I antimony for eases of schistosomiasis. 
Until tartar enx'tie ({lotassjinn antimony) tartrate) and sodium antimonyl 
tartrate, as well as colloidal anttmont prcp.nrafions, were found by physi- 
cians in endemic im-ius to Ik‘ valuable specifies for all ihrt'c tJTX’S of blood 
fluke infection. In ilie earlier prejKirations there is evidcucr that the flrug 
admuiistensl was actually a cinnhination of nntimnns tartrate with 
potassium mid s«nHum. 'I artar cmeth is the most stable and clieaj>cs( of 
th<*se preparations but has btrn foum) to be somewhat ninn* toxic. .\jj nf 
these pn’pafations nxpiire intravenous mlmlnistration and great rare must 
Ik* exerewxl not t<i intrtMhKf any <*f the solution into the iKTuascular 
tissues lest ms-ntsisoi.x'«r. Mots*tvcen(I,N Rntbhnnahne am! other antimony 
eiiinjKiiinds liaM* In'cn iisttsl not only lu sjhistosonjiasls hut in filariasN. 

Tartar emetic (Potaaslam aotiraoByl tartrate).— Thisisn<silorless.odorles.s, 
er.s stui or {Kiwder w liieh is rciolils s«*luhle in water ami {s stabh- m arjutsius 
solution It contains fifi. 17 jkt mit Sb and is ?»*) to Pi) 7 jht ti-nl purr* in 
isininicix'i.-d form. 'J'he stnieiural foriiiu):i is. 

K (toe ('HOII fllOIl (XMlt.sl/)) (ftOJt 

In mpmms M>biti<)u tartar emi tie is irritating to jHTivastul.ir tissues, the 
bronchi.d eiiithelium and tlie fiver jumwlivnn.a When ndministem! 
tlieraffeuficallv f ' '''f - • ' ’ ’ • 

bl\ voinituig !■ - •■*•.■■■ • I* 

nmonuts can Iw ' ■ • I • , • ' . ■ i* 

ev<-n*l«s| in the urine and the feis-s (n.irttf r ft al 11)17). 

This was the first drug found tolw rfb-etivein the treatin' nt of s<-bisfos/>- 
musis (t'hri‘topbcTMin. IIUS). nnd is pndwWi the most n liable for this 
pnrjstM* .\Il!iou;:!i a <l jN-r «snt solution is fairU well tolrr.i(<s! {u u hts- 
lo>jtnii.i'isln tn.atobi.i. for intestinal •dmtOMiuii.i'is, U-eatworin rrinvohe- 
meiil. n i or. nf most, 1 in r imt solution is in«limt(tl It i< ndininistrnsl 
mtrornoiisbv on nlfrni.rte da»s or thrrr times weekly until at least .'1,1) 
o of the I jsf <s-fit soluttod, containiug 0-'»7«» fittu of .‘'b. bv\r 



G58 


^^'^THELMJNTICS A]<D THEIR USE 


given. l}ns provides up to 84 per cent cure in schistosomiasis japonica 
tlie most serious tjpe and the one most difficult to eradicate. For details 
of use in the threchuman t}'pes of schistosomiasis vide supra, pp. 119 137 
and 157. ’ 

Sodium Antimonyl Tartrate.— Tliis doulile salt has phj’sical diaracteristics 
ratlier similar to tartar emetic. Its structural formula is; 

Na OOC CHOir CIIOII COO(SbO) IHOH 

In aqueous solution it is unstable and for therapeutic use it must be pre- 
pared fresh each time before administration. Like tartar emetic it must be 
given by the iiHravenous route. It is reported to he much better tolerated 
than tartar emetic but its instability, particularly in warm climates, is a 
serious handicap to its common use- It probably has as high a cure rate as 
tartar emetic in scliistosomiasis when a comparable amount of metallic Sb 
has been employed in a course of treatment. Shattuck (1924) recorded 
satisfactory results with this drug in clonorchiasis. (Vide supra, p. 221.) 

Fu&din (Sodium antimonjrl d bis-catechol-2, 4 disulfonate; stibophen or 
neoantimosan).— Tills antimoni'al is a colorless, odorless, crystal or powder 
which is readi/y soluble in water and contains 15.6 of frivaienf Sb. Its 
structural formula is as follows: 
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Fuadin was syntiiesizcd in Germany particularly for use in schistoso- 
miasis. The drug is made up as a 0 to 7 per cent aqueous solution. (A G 
per cent solution contains 8.5 ingm. Sb. per ml.) Reports of the first 
clinical tests n'ere made by ICha/il, A\*imi, Peter, Rl Din and Betache (1929). 
Because it is administered intramuscular^' rather than intravenously and 
produces relatively minimal local and systemic reaction, it has distinct 
advantages over tartar emetic. In 1930 Klialil and Betache reporfw 
07.9 per cent cures in 2041 cases in Egypt. By 1936 Khalil modified lus 
earlier findings as follows; 9 injections totaling 40 cc. solution produced 
53 per cent cures ; 1 1 injec 
with 60 cc., SO.C per cen 

cent remained infected. ’’ . ,.x 

nnlv about 50 per cent apparent cures m schistosomiasis japonita. 


“ . . -r45cc. eat'iiisuui. 

. • )1 examinations). jMeira(Jy4o; 

of hepato-splenomegaly due to 

schistosomiasis but is contraindicated m patients ^uth renal .and 
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^ ^ ^ . .... 
\vi .' , ■■ • ' '.,■■■■ 

h") patients free of microfilaria* foUoninp a full course of treatment. 

Acthiomalise (ZJthiiun antimonjl thiomaJate).— Tins antimony salt tvns 
synthesizcfl by Trench ehemi^ts for trial a^hist African trypanosomia<;is. 
It is a colorless, ixlorlcss, crybtal or jKiw<lcr, reatlily soluble in water hut 
relatively unstable in snlntirm. It ctml.ains alxnit !.’> per cent trivaicnt Sb. 
Tlic structural fornmla is ns follows: 


-Li-OOC— CH~S t * 

ij~ooc~cn» -J 


&b onoH 


This <lruK is made up as a 10 ix,*r cent nfpufiiis solution for intramuscular 
injection; each ml. contains 0.00 Gin. of the .s.alt or about 10 mpm. Sb. 

ICarlicr reports of the effi'ctiveness of anthionwlinc in the treatment of 
schisto'>omlasis in Africa (Alonteslruc .ami Ilertmnd, 1930; Moulinanl, 
1930, Ashkar, 19'iS, and liauj;?, 19^1) indicatcsl th.at the drujj w'a.s well 
tolcn^tcsl when Risen Intramn-'enlarly and was ns frequently curative ns 
tsirlarcmctic and fu-Klin. Subsequent tcsts.lKith in the laboratory and clini- 
c:dh , haic failed to justify anyenU«isMsticcJ.iims//>rthisfIruR;n.«cJn?tos/v 
nuasis or Ilancwft's filaria-sis. Ilrown (1914) ohtninfil So to 100 per cent 
teuqiorary reduction in microfilarial counts in {wtients liarborinR irwcArr- 
rrin fnHcro/OforfourtoriscmonthsfollowinRafulU'Ourseof treatment with 
this druR, luit Cullwrtson d <il., (1017) reportcsl only 7 of 20 patients free 
«if microfilarin;. 

tfrea Stlbimina. - Thi' fx-ntas alent nmimiinum silt of carbamino-plicny 1* 
htiblnic aeid was syndK-sirtd by Hmhmarlmri in ll>2i>, in Indm, for the 
tre.itment of kal.i-nrar, and has jiro'cn to ln*snicnf the most vah^. 1 blp^i^)R^ 
for tins pufjxM* It is a (ndf-eohmHl |Kmder, ftdrly Mduljlc in water and 
I'liiitain** ahoiit '{.> ivr evtic metallic .Sh The structund Oirmul.t is stntosi 
tola* {(X'stoflin, 1939, p. IMS): 

WX), IMN'tb) 

I 
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In ls,:d.»*az.ir ntra stibaniim* is lulminisirml i«tr.ncnfiii''ly ns « to 10 
jwre«-iit -oliiriofu in ifKn.u'iuc d.siJ» nriioinits iK-RinriinR with 1 nnd 
n .'vhnrR 1 m- until 12 t«) JS re. ront.sminR U to J-S Gm. of the mIi ha\r 
Iws-n Rjss'U 'Hie dniR is f.sirlj well loleratcsl but the sohition mu-t Ik* 
pn-pmsl fif'hly l^fon* carh administration 

In rhnind frill in M en'^s of «ehistiM*tfni.isi^ m.irconi llrniimh-r- 
Mi>mlrs r/ Ilf. ndmini'tf Rs} this tlnic thns* times daily under 

Inephal 'Uix v> >*iiin up to a total nmimnm tol*Tnncr of 3 1 to 19 I2.'> Gm 
i*f the silt (.avrni;,**- f<tr nnh* iwtirnts, 7 f»ni o\rr 10 diys, for f<m,-ile 
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l.atin.t.s, (Ui!) ovor 13 days). Considcroble t.isicity «a, dcmonstra(«l 
mid ime [ratimt died ns a rcsidt of the treatment. Twelve of the 13 suniv- 
niR patients were free of epRs it, the stools up to -1 months following treat- 
inent . In four of six cases of Hanerofts’ lilariasis Culbertson el al., (1W7) 
obtinncjl rnierofilnrin-free bh»d 111 months folimvinf; administration of 
.f-i to i.I (tin. of the drnft. 

Neostibosan (Heyder, 693b). -This |«,ntnialent ammonium s.slt of 
/i-animopbenylstibinic acid was .synthesized by Hevden in Germanv in an 
attempt to obtain a more .stable rsimiionnii tliiin stibosan pihlor-l 
.•icetnnnno-phenylstibinie acid or Ileydcri «!H). It is potent and is the most 
satisfiietory single driiR for treatment of liala-azar. Mnreoier, it mavbe 
administered intranmseidnriy as well as intmvenoiislv, iisuallv as a 5' per 
rent soliltioii. This driiR Is a pinfcisli-buir ponder tvliicb is’ moderatciv 
soluble in water. It eontains .|2.l) per <s-nt melallle The striietiiral 
its f(rll<i«s: 

SbOj II, 

i 

c^\ 


I i 


V 

ait 

rt «/.. (10-17) employed in the treatment of 35 

of UimcToft’si fihiWasJSs 3 cjisos (father, mother and yotinjj daughter) 
n it Jj lojjj'n.siH, and 40 case.s of ojiehocercosjs (T of nhich were follow ed up for 
ten months and one for five months). In ir. honcmJH infection the average 
treatment consisted of G to 0 Gm. of (he <lnie in a period of thirty*three to 
Ufty-eipUt days. I'iftecu of :i group of 20 patients examined twenty-four 
inonths following treatment were free of microfilnrirc; 7 of 10 others follow ed 
for fourteen mnntlis won* similarly negative, and 3 of the 5 others follow’ed 
for sixteen inoutlis were negative- In one of the three cases of loaisis with 
demotistrahle microfiIari.T in the Wood preceding treatment the number 
hccatnc greatly reducetl following administration of^ 10.4 Gm. of the drug. 
In none of tlic Onchocerca infections was sterilization accomphVhed wjtn 
rc.spt'Ct to microfilaria.’ in the skin. Among the antimoninls thus far teste 
in Ilancroft’s filariasis Culbertson et ai. (f. c.) regard neostibosan as most 
cfl't'ctivc. ^ . I * 

Other Antimony Compounds.— Culbertson ft oh, (1947) made clinical es 
of two other pentnvalent antimonials on Bancroft’s Rlanasis. 
ticofitam (rel stibamine glucoside) and Jh'hmwe, 5 of U 
filarim-free when the former drug was employed (2 1 to n.4 Ora ) an 
of 5 when the latter was user! (13.8 to 15.2 Gm.). 

X. Arseoicals 

Melarsen Oxide.-This (Inig was einpK™l_by Cwlbertson ri 
the treatment of 18 cases of Bancroft s fifanasis Jn 3 msta c 
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wjis iulininistcml hy mouth in ofl incm. thn'c tnm> daily for cipht 

(rj foiirtmi day.s (ttttal driip, l.<r» to The reniainiiiR l.’> paticotN 

rfcH-ivnl thedruR (\i^^olve^l in jm>pylencpl>«)ll»y the ititr.i%ciio\is route for 
se\eu to nine «ia\v. (total druK, W) to W niRin.). One of tlie former proup 
ami si\ of the latter were microfiUria-frec fnm» M'Veii tc* tliirteeti month-* 
followiiip treatJuejit Severe sjmptoms rtMiItitl in Mune «>f the 

u\tra\ei\ously treated mdlviduaU, 

XI. Proteolytic Enzymes 

(Vrtain i)n>teol\t»c itbtaitHHl fn»in plants hate demonstmte*! 

ivnthelm’mtie activity. Tho«e which have Ik’cu stndiial p.irtitulnrly an' 
/>ro»ir/in.in the juice of the pineapple. (Asc-njo, KflO, 10 Id), 

papnin, in the jiu'cv of the p.»paya,C’flric«i papififn (Hassler. lOJSnnd Asenjo, 
J9H) luitl fic'm, in the milky juice i»f Ki'cim pfatrofu and other sjarics of the 
fip family (Ua.\«m, 1771; Ik*rri«>, lOH; Caldwell nnil ('aldwell, Ht‘20; 
Kohhins. tO'iO, ThomeJi, lO'lO, and I'mist and Thomen. KMl). The hist <if 
these thrif has j)earJy two centuries of demonstr.ated Usefulness. 

Leche de Hipuertn (Hifuerol&tex).— I'orinanx years the crude saf) «>f two 
of the hastnrd fig trees (/Vn» g(u(>rni<i, s>n /*. (nuriftilia) and /' tfi'fioriVi 
in (Vntnd «fi<I Northcrr« *''<«uth .\mcri<-a has Inm nn'opni/tsl to l>e an 
eflieient anthelmintic and has Uth found to In* esjxs.ially lethal to whijw 
wonns This sap. loctdly ktJown as (rcke tfr higurrou, kigurwltitcr or 
(frifirtrin, is a wlutisli. creamv. visctuis suhstance, with a shghtly ticirl hut 
not unpleasant taste. Other trta“s of the genus f irii.s eontaiu sap hav mg the 
anthelmmtie hut only the sjH'cii's F ghbruUi and /’ d(»f(urifi an* 

known to ismtain it in efficient quantities. The elTi'ctive primiple is an 
cnz.vnie, known ai/icin (llolduns. JOW). is <s>nsi(lervhly inon* }>otent than 
papain, and is app.m.*ntl.\ harmless to the normal intestinal wall when 
aihmnistensi in the form of crude sap. rnfortunatelv the untn-.ittsl Itrhr 
fefjiienfs rapidly inilcss kept rsxd in the n-fngerattir. 'I'he Coloinhian 
Ifchr tic higiicTi'n is pn*servtsl h> mhliug I jxt mit sodium henro.ile to the 
enide •«vj> It is nvaiinhte in rrrtain I.:»tin*.\menean countries, wiien* it is 
sold under ilje tnule nnnn' lliguertuii.i. S.»mph-s of this (simnierri.vl pnxl- 
uet. testtsl in the pn*scnt author's l.dMirat«>ry. ha\e nssavtsl uhout 7.'» jkt 
cs'Ut efiieienl when tsniqunsl with the n-frigeratwl unpn-s(T\isl Irrhr. 

Cahh\ell and Cnldwi-11 (i92t») tiMisl the irude n-Iriger.ittsl Irrfir dr 
higiierun in a M-ries of Trirftf>rfpft<ifn« s-sim-s in .M.ih.itna and nitnl it Jn-r 
cent effieienl in remov.al t)f tiu* worms. Since Itrwi the pn-si-nt author has 
ussl this pnsltiet. ohtaineil imrstly fn*in I’nnamani.tn *snms-s. and has 
fouml It mueh more effieit nt as a trirlu'csqih.alH hie th.vn an\ other !i% uil.dde 
jirepanition The therajH-utte ihes* is 2 smiws-s (trfi ve ). t.aken pn f« nddj 
n'j nn empty stotnaeh and wadasl down with a half gkvss of wnti r In tin- 
author’s exjxTienM’ with Mseral humirssf <|inie nisi-s. no jvitient. even a 
small cluM. has had diffiniltv m taking the pn«hi« t niwl no single ra-e has 
csanpl.aimsl of any ill-s-lTrst' It is most sinss-ssfiil if a saline purge (l.*» 
grams or i ounce in n glass of water) is taken the mglit U-fon- tn.atim nt. 
if fix»l is oinittcsl the tnoming of treatment and if a s.il(fie purge i' takin 
two to four hours after the hrhe li.as \«sn ndmmistrrssl Meim 
states tint fresli l<s he «ie fiiguon'm is hirajnhfr i»f mdieatmg Sfr>-ur^<.('>ffff 
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stercoralis, Tatnia spp. or HymenoJeput nami. He includes the experience 
of Komcu Can9ndo tliat it is very e/Tcctieo a^jainst hookworms, Tricho- 
ccphalus and Ascaris, and that it insiy he administered omllv in 30 to (iO cc. 
amounts or by transdiuKlcnal tube in 35 to 25 ce. amounts' 

XU. Miscellaneous Anthelmintics 

Kousso.— T lie natives of Ktliiopia cat tlie flou'crs of kousso {liraycra 
(inihclTninticn) in order to evacuate Txnin aaginata. It has a disagreeable 
taste, is extrenjely irritating to the intestinal mucosa and is very high- 
jjriccd. i\Iorcover, there is little or no evidence that tlic heads of the worms 
arc expelled. 

PiOTpJdn Seed. —A household remedy for tapeworms in many countries 
consists in crushing to a paste one to three ounces and ingesting the whole 
seed of cucurbitaceous plants, usuaiiy those of the pumpkin, occanionn})}- 
of tile watermelon. Kraycr (1037) has studied the efficacy of pumpkin se^ 
therapy em])Ioj'erI in Lchanon and strongly rccommcnOs it as a safe and 
satisfactory procedure. For a course of treatment he utilizes 400 to 700 
grams of the seeds for an adult, 200 to 400 grams for a child. The seeds are 
thoroughly innshed and arc mi.ved with honey or fruit s\Tup or, preferably, 
arc made into an aqueous decoction. To prepare the decoction, unhiilled 
.small seeds are placed in t\vice their volume of w.iter, arc heated to the 
boiling point and straine<l througli a cloth. The electuary or the e.xtract is 
taken on an empty stomach without the necessity of pre-treatment purga- 
tion, but it should be followed by a saline catliartic, since it does not in 
itself kill the worms and is not hydragogic. Contrary to common belief, 
Ivrayer (loc. cit.) states that the effective principle in pumpkin seed is not 
in the oily rcsiji but in a heat-resistant fraction in the aqueous e-xtract. 
Neveu-Ivcmairc (1930) states that pumpkin seed is an entirely safe prescrip- 
tion in pregnancy. 

Quassia,— This is obtained from the Surinam Quassia ajnara hat more 
commonly from the Jamaican species, Q. excelsa. An infusion is made^ 
the powdered trunk or brancli wood. Two ounces of the powder are placed 
in a pint of boiling water and the mixture is left to stand for twelve hours. 
On each of three successive mornings the tapeworm patient takes 5 ounces 
of the infusion with \ ounce of Epsom salts. The worm is almost alwojs 
expelled without the head. t j* f r 

Coconut.— This is an old native remedy of India and the I\est T 
tapeworms. The patient fasts and on each of several mornings takes 
ground meat and milk of one nut. No purgative is necessary, since 
milk has a hydragogic action. In the limited experience of the pre^ 
author w'ith this therapeutic procedure the greater part of the 
expelled but the head remains attached and in due course produces a 


Miracil.— This chemical compound (i-meth^'W-diethj'l-'wnmoet } 
thioxanthone) was sjuithcsized by Mauss and has been found , 

and Ghnncrt to show' activity against Schistosoma mansonx m expenm 
mice. Single doses of 1.0 Gm. per kilo by mouth or 10 of 0 1-5 
are tolerated. The LD« by vein is 0.45 Gm. per kdo. Rabbits are 
tolerant by both routes OVood, 1947). 
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RECOMMENDATIONS ON ANTHELMDITIC AND SUPPORTIVE 
MEDICATION 

Althovipli expcriciKT hu'4 tltmonslratctl that mass therapy cif larpe pro\ips 
of infcctwl jxrrsons employetJ on plantations in tlie Tropics is feasible, it is 
nssninctl that the average physician desiring informatlDn on tlic treatment 
of helmintltic infections is interested in the use of anthelmintics for indl* 
vidnal cn'ses, or, at most, for small proiips of patients. 

Reeauve of the toxicity of practically all specific anthelmintics, licforc 
such ‘'pceifics are atlministcrctl it is liifthly desirahle not only to ha\ c an 
accurate diagnosis of the infection (which is miially ohtamed hy fecal ami 
hlotnl examination for parasites), but also to haxe ni.adc a careful physicjil 
examination of the jwtioiit. It is also imporl.arit to have a rather complete 
hlo<Kl picture, inchtdiug a total erj'throej'te count and both a total and 
differential white cell count, as well os a relatively accurate hemoglobin 
estimation. If facilities are available, this latter estimate should l>c made 
by the Xcwcomer Ivcmoglohmometer rather than by the Tallcjxist scale 
which is notoriously inaccurate. If there is a significant anemia, iron salts 
or, at times, also h\er cxtr.ict are indicate<l ns a pre-tn’atmcnt precaution, 
an<l, in cast's of extreme aiieinin, one or more transfusions of whole blood 
may Iw reqiiinxl iH’fnre s{)eeifie therapy Is instituted. brkcw|s<', no tre.xt- 
tnent should lie admiiustcre<l to a patient sulTering from acute pcplintis, 
atute cartliae, pulmonary, • ’ , i ‘..t 

fever. I'sjK'cial caution • • • • , • ■ ■ ■ 

cirrhosis of the liver, acu* . ' * 

preguaueies In cases suggesting lisyMiglycemia, calcium ghiesmate or 
eahium la« tate may Ite administeretl prophylaelienDy for scM-rsd chajs in 
ndviUKT of sjKH-ifie tn^atmciit. 

Tor oral adnnnlstnitif)n of \cnmcides, in all inti'stin.al hclminthiase>, 
cxtx'pt Strongs loidlasw and in {taticnts "ho are tlrliyilratetl or have severe 
•Imrrhoa. sahne purgathm the niglii In-fore treatment is atlvisetl, in onler to 
free the Imvvtl of hxnl and fecal material, so th.at the ilrug, when admim's. 
teretl, may act prtnnpllv on the worms. (Jlau!K*r s;dts (sodium sulfate) is 
prefemtl to rp'-om salts (magnesium sulfate), siuM' the former not onlv 
dissolves nuuus from the crviits and folds of the mucosal surfai'c of the 
In)w»I wnlJ (an«l thus piTinits the drug to come in iin!nnli.ate rontart with 
llie iie.ids of attaohtal vsorms), Imt nbohas no toxic inns to l»e absorlnsl bs 
the bloo«l stream The Mimewhat iiau*^aling ln.str of (ibulK-r .*.alts inav 
lie isiiua-alrtl by tbe addition to it of fre*b lemon or lime juire. 

Most anlbelminiies are adinini-lrnsl on an empty !itoin.arb. If the drug 
is n-vlK toxic (i r., earlum tctrarjijoride, oil of i hrnojMMlium. oh-orr-sjn 
of iit.ale feni, etc.), it is <ji*«ip:dde that the patient !«• hospltnlizrsl on the d.a% 
of tre.atment and Iw m.ade ns fpiiet aiwl csimfortnble as j' 0 "iblr jn>t In-fore 
ndnilrii'tmtioH of thetinig- Tor intulKithm of a drug, as m the ndiuitii'tra* 
ttott of a solution of gintian xiolrt nmlicmal, an enuilMon ronlaitiing tl»e 
iilcofesin of .\sp!dium or rnuh* lerhe ife higuen'u. the jvatnnl »lKiu!d l)«* 
allow is| to relax ftir at least a h.xlf hour fieforr the du<»lenal tufx- is intro* 
ducetl Afti r it fixs Us-n satisfauorify phirrsl aiiotiier »!)orl }■ tiisl of re*t 
• liiiuld Iw'nlh'Vsnl. Tlien the AlithrImilitie*hoVlt<l l>r ratlier »!i,wl\ itot ill'll. 
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following which the patient should be kept quiet again for a short ^^hile 
before the tube is withdrawn. 

Purgation accompanying the specific antJielmmtic for intestinal Monns. 
or shortly after its administration, is quite a necessary part of successful 
therapy. This is not only to prevent excessive absorption of the drug but 
also to evacuate dead and dying wwms jis soon as possible. For most 
therapeutics saline purgation (i. e., with Glauber or Epsom salts) is indi- 
cated in preference to castor oil. Some physicians administer the purgathe 
along with the anthelmintic, in order to save time and trouble, although 
more successful results are obtained when the saline purgative is given one 
hour (or preferably two hours) after specific medication. 

The patient will normally have one or more copious bowel movements 
within two hours after post-treatment purgation. In case at least one 
adequate evacuation has not been obtained within a four-hour period, a 
high, tepid water enema should be administered. For several hours after 
therapeusis it is desirable to collect and examine the entire stools for dis- 
charged worms, in order to obtain evidence of the success of the treatment 

Food is permitted only after the post-treatment purgation has been 
effective in cleaning out the bowel. For the first meal or two after treat- 


ment a relatively bland diet is recommended. 

After anthelmintic medication for roundworm and fluke infections of the 
intestines, follow-up stool examination should be made not earlier than 
four daj-s later. If the feces are examined at an earlier time they may con- 
tain eggs of disintegrating worms which were not evacuated at the time of 
treatment. In tapeworm infections, even though the greater part of the 
worm has been discharged, if the head and neck remain attached to the 
patient’s intestinal wall, a complete new worm will usually regenerate in 
ten days (d^arf tapeworm) to several months (beef and pork tapeworms) 
Hence, previous to these respective times the feces may be negative and 
yet the infection may not h.ave been removed. _ . 

In case one treatment for an intestinal roundworm or fluke infection as 
not been successful in removing all of the worms, as determined by pos 
treatment examination of the feces, it is usually desirable to wait at eas 
one week or ten days before undertaking a second course of treatmen • 
For tapeworm infections, re-treatment is feasible as soon as ° 

cal evidence of the infection reappears, but on the average should no 
attempted until such concrete evidence is available. Evaluation o 
success of treatment for the elimination of blood flukes •. 

or fluke infections of the biliarj' tracts (t. e., Clonorchis, C/pw ® ’ 

Fasciola) or lungs {Paragommus) requires repeated examination o 
excreta in w’hich the eggs are discharged. Not less than six mon ‘ 
preferably twelve months, emplojdng the most efficient 
technics, are required before negative findings may be legarae a 
Scant. Similarly, in filan'a infections post-treatment 
raicrofilarice should be made periodically for many months ^ 

patient can be regarded as freed of the infection. Claims 
aJJ too frequently been based pjf an 

Helminthologists utilize tw . per- 

anthelmintic. One is the *'worm removal rale - 
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ofiitiiKc of worms in n Ri^o^ Enfet*t»m removed by a eoiirse ctf treatnieat. 
Tlic other is the “cure raie“ am! is Iwisct! on the avempe j)crtfiitape of rases 
treat('d In ^hieli complete worm removal Iws Ixx'ii elfecte*! by a eonrse of 
treatment. 7'Jms, if the patient liarliorcd 100 bfH»k«nrn)s and a sinple 
eojirse of an anthelinintie pmce<Iiire n*movc<! 7.”) of tliesc* woriiis, tlie imrni 
remonil rule in that case Is 75 per tnit but the cure rate Is 0 jxt cent. On 
the other hand, If 5|K*eific treatment of 100 patients harborinp hookworms 
resiilt«l in complete cr.ulication in 75 cases t!ie cure rale is 75 jkt cent. 

A careful distinction must be made Iwtwi'cn hehinalhic infection atnl 
hchninihir r/i.witr. The f(»rmer Is merely an indlcjition of tlie presenet* of 
the worm and d(K*s mit lUTcssarilx itK*:in that the |)atlent Is siifferinp fn)m 
the infection. Thus, a small nmniKT of h<»<ikworms or whipw(»rms (25 or 
fewer) doi-s not usually evoke symptoms, althoupli in stjsi-cptible hull- 
\ idiials, particularly children, tins number may produce clinical manifesta- 
tions. On the other hand, a sliiple may si-t up pnixc l(K-:d or 

systctnic n-aetions. ^Vhile It Is <!<“slr.il»lc to eliminate- all of the w onus in a 
particular infi-etion, this may l>e Impnictlcable. 

In the Warmer <-limatc*s and In the Orient multiple helminthic infections 
are (piitc common. Thv:s, aM-siriasjs may iH-i-ompIicattsl by whii)worm and 
hookworm iufectif)tt, atul In chlldn-n bx oxxuriasis j)r dwarf tnjH-wonn 
ijifectlon. Or ho<ikworm <Usease mux Ik* nssociattsi with stronpxloidijLsis 
lakcw isc, one or inoa- helmintlnast-s may Ik* (s>mp)ieat(sl by amei>iasis (i. r . 
Infwtimi with EndatiKrln hiifotylica) In tnlxisl infirti(*ns, after diapnosis 
has been obtaimsi, it is first necess^iry for the phxsician to obtain a pnii)er 
cxaluatlon <if the resiK*ctixe|wnisi(oses,ii)d todetennine which mfe<-ti«>n is 
proilueinp the prvater patholopy. S|)eclfic thentpy shouhl then Ih- direettsi 
first to the elimination of this inf<.*ction. tolM* fidlowtsl by other theraiK-utle 
priK-isliin-s to rcmnx'c the remalninp Infrt tlons .Mthtniph a sinple anthel- 
mintic may Ik* cfTectix e apainst two or tims* sjktics of pamsites, tliere is no 
<ftie <Ir»p which Is useful as a penend anthehnintiV, and nirely is <»ne drtip 
cfiuallx eflieient in <Iestn»xlnp two diffen-nt sj^ries of worms 
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Crjptocyshs pvltades, 2S6 
^ tnchodeclis, 28G 


Jtus, 

Clenopharyngodon iddlus, 21G 
Ctenopvjllus segnis, 2117 
Cvlex o/is, oOS 

annulirodns, 508 
bilantorhynchui, 508 
errattais, 508 
cnjdirotharax, oOS 
fuscocephalus, 508 
hnhhlalor, 508 
mgnpalpm, 50S 
508, 535 
var palletis, 508 
qinnqupfasaalu^, 508 
saltnnnus, 508 


I Cysticercus of Tienia saginata, 310 
I solium, B02 

Cystopborous (corcaria), defined, 22 


D 

Davamea asiatica, 290 
fonnosana, 290 
madagascariensh, 288, 290 
^ (official), ^tv-pe proglottina, 63 


I ^atre oioswrij.) 


lie, 603 


sinmsti, 508 
sitiens, 508 

spn. Intcrrm'diatc lio^ts, H't- 
hancrqftt, 508 
tarsalis, 508 
Imsenalus, 508 
tntienxorhijHckus, 508 
vagans, 508 
nshnui, 509 
509 

Culicid®, intermediate hosts, 503, 6 
CuUcoides, 527 
ausfcm, 534 
furens, 539 
grahatm, 534 
Cuticula, denned, 22 
Cya^Aos^rtma, 409 
Cj'clopliylliaea, 249, 236, 279 
Cyrlops, 012 

moispidalus, 278, 551 
eoronatus, 551 
leuckarit, 270, 278, 551 
magnus, 551 
prasxnus, 551 
guodncomis, 531 
ficmdafKS, 551 
sirenuus, 262, 298, 551 
terms, 551 
vernufer, 551 
lernalis, 551 
ttetnus, 262 
turidis, 278, 551 
Cygnus cygnus, 298 
Cylindrolxnia, 244 
Cynocephalus babtitn, 397 
Cyprinid®, 216 
Cyprtnus carpio, 209 
Cyst, defined, 22 
Cysticercoid larva, 253 
Cysticcrcosis ccllulosaj in hogs, 299 
Cysticercus bovts, 310 
in man, 3I0 
ecUulosx, 302 
m man, 303 

intradermal reaction, 007 
precipitin reaction, 605 
defined, 22 
raeemosus, 304 


1 Miongi loiuw'is, o-ia 
Dermestes peruvianus, 297, C2I 
ta viilptnus, intermediate host, Jlymenth 
lepis diniinuta, 621 

Dc«inoccrcid®, 359, 497 
Dtacyelops bicuspidatu*, 278 
Diagnostic key, 583 
Diagnostic procedures, 581 
anal siviibs, 582 
blood, 5S2 
feces, 5S1 
lymph, 5S2 
sputum, 581 
unne, 581 

technics, feces, 581, 509 
serum. 601, 605 
skin, 606 
sputum, 5Sl, 509 
uriae, 581, 699 

Diancyroboihnuni txmotdes, 2o6, 20S 
Diaptomus, 612 
gracilis, 262 
j;raCTfjoit/es, 202 
oregonensis, 262 
sictlis, 262 
sictfotdes, 202 
sinnosns, 298 

Dibothrtocephalus See Dipkylloholhriunt 
cordatus, 268 
latus, 238 
mansont, 269 
mtnor, 258 
parvus, 268 
OibofArtumfotaiit, 25S 
rnansom, 269 

Dicrocoeliid®, 91, 201, 20- 
Dicrocoeboidea, 91, 201 
Dtcrocalium rfendriOcH/K, 92, 29- 
cercaria, 204 
clinical aspects, 20j 
control, 204 
diagnosis, 205 
eggs, 203 

historical data, 2^ 
niolhiscan hosts, 204 

I pathogenicity, -0i 



.snurcT i.\’Di:x 


IhCTofiilium <!rnilnlta/tn, |'rot:n«>'Js 201 
n«iir 2lVJ 

♦ tnirtiirc ami hfr r\rl-', 201 
hMionxm', 2fX1 

till rap<-ii>is 201 
htlrroph’jft, 222 
I'inerntiini, 203 

(iifliri.l1), liueriliiin \ cl ilrfflntt- 

vaturratimm, 20* 

2'v3 

Dirnoii'', ili-fimil, 2.1 
Dip SO 

Dip 111 fir (fn ni itmlr), <|(‘riiii>«1. 23 
IhffTiimnifi hrniint, 2Vi, 271 
DllrtHlJlclT, 2*l7. 2 'n*» 

rtM/fi/% 3.{S 

lh<r'lo[il:’/iii't rrnnif, .33.3, •3''3 
rliiiinl U'jn'ft', 3s.‘i 
niiitriil, SVj 
ilniriio-ii, .3V» 

• itiiJi nimlojri, 3"v’i 
piiKnjiliinl <h<.tr>t>iil»>n. IM 
lii'tfirifil il'il I. 

|i illiiip nKit\ . .3s» 
iiriiiriiii*i‘, 3Vi 
'tnn tiiri' mil iifr r\. ti . .I'.l 
•% nmu ni<, Ovi 
till r ii't'*, fN’i 
Dimtiijilijm'itiilT, .Tfcl, .3S3 

Dintfiji'iuii lOru, U.M. 3^2 
Diorliiplij ni.itiiiit< I, .3V3. 3x3 
Dii)rt>ipli\ nii-it 1. 3."i.1, .3v2 
Di<irti>|<1i\ mi-li, 3.VI, 3v2 
DiorrAi/ri Pi/i nmi'lir^trnlr, 'D. 22”* 
/"riiuifitiiHin, ‘1.1, 22'l 

Ol, J?! 

lil/ttnltinfm/t prmVini. VII 
ttrriit,frrm, .V3'i 
Dijii ! ll••tll niifuli, 3V>. 4'i7 
Dij» tilniii fiiitiiir, 3't'i, I'l^ 

Di|<)i>ltii|i.n, 2Vi 
Di|ili\I|cil>iiiliriiil»*, 2.V'< 

Di;iAyf/,V»yAni/fii 2V», 2'»'t 

Owittrrpi, 2'.'* 

<!’ni’ifni, 273 
frin'itrt, 27.1 

2V.. 21, S 


i'lUii 


i)iphylla*i’i'hriu>’i ninti’ni. mtif. 

nv^tlulr I ml*, 270 
iliipM-is 273 
ICC*. 270 

271 

p...(;r.,j,},,nj iii-Tnl.iti.,n. 2 ’''' 

I l•t<lrlr•ll (I it «. 2 '''i 
lifr r\rlr. 270 
pifli.ip nirilx . 271 
t*fi<ii'i*i». 27.5 

272 

•tnii Inn . 270 
«\ii.,imn» 2 'i'i 
fl.cn|»ii*i. 2 ri 

v«fi«},r«t, iti*<ni'i! iti I'l'!*, 273 
y, a 271 
ol unu'tti, 27 1 
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'rifiut'i. TitS 
tuu,} .tur ,fi 2-.\ 

ItilUierifi!^ 4* n^ll .> 2'2 

Di|>l‘'C>'t*ni|f r«l 
lh}l'»J"r‘>’l-4i‘4' 27 1 
I rtt'ini, 27 1 
fjtilf 2V, 271 

Dipl ‘fw.1i. inf. riii''ltili I >‘1*. r*22 
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DiptiTi. mf-nii.ilnf* Olt 
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f. irnforiin, ■ 2^'' 
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• Incn-rai*. 
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DirofilaniiKT, 3o‘), -IDS, .">3S 
fwizt, 233 
ccrrhrnlf, 233 
conjunclum, 210 
conus, 207 
cchinntinn, l!)l 
cnilemxoiui, 21 1 
fdinrum, 207 
233 

ha-matnbtn, 101 
h.TmntMum, 121 
/irpattciiiu, 171 
/irjKtlis cwlenitcum, 211 
pcmiaosiini, 211 
licleropfiyrs, 222 
homtnis, 222 
trinoruutn, 211 
lajioMcuHi, 2U 

Innecnlatuiii ennts fannlinns, 207 
frits aili, 207 
j>n»Mrrfnljc»?n, 20r> 
pertiictosiim, 21 1 
puluinnaU^ 233 
piiliiionts, 233 
piiliiumiini, 233 
nti^cn, 233 
«fcin<nw, 207 
stncMr, 2U 
spolhulotum, 211 
weslcnnatit, 233 
tnnogrmhjji, 207 
Di'tiiinntn, 8't, 170 

niffvUon-*, 170 
Distomuin erassiiru, ISO 
ffigtinteimit 17U 
hrpatieutn, 171 
lanecololum, 203 
DCuU humnm, l7‘-> 
ophlhalrnoiiuin, 17‘J 
rallioutst, ISO 

iJoehmtiis ankylosioiiium, 412 
tiuoilctialts, 412 
DoK use arid, 478 

tnjX'worm, 280 


(h 

Double-pored dnj; tapeworm S«v Dipy 
hdtuin comnuui. i 

Dracontia«i' See Dr!iciinciilu-.|s 
Dracunculia‘>i«! See DracimeuIo8»'«. 
Dracuuculida>, 300, 548 
Dracunculoidea, 360, 547 
Dracunculo'i-, 54S 
Draeuncidus a^lhtopicus, 318 
gracorum, 548 
Imy 541 

tnedtnensis, 360, 548 
clinical aspects, 552 
control, 554 

Cyclops, intermtHliafe hosts, 551 
diaRnosis, 553 
di'tribiition, 548 
epidcmiologv, 552 
gtORraplacal distribution, 548 * 


Draatnhulus^mrdinensis, hi-tork-al data, 

intermediate hosts, 551 
larva?, ,551 
patliogenicity, ,).'2 
proEWisU, .'»r>4 
►fructure and life rj<le, .550 
nonynw, ,548 
tlierapi-iisis, .5.53 
ocuh, ,511 

(oflkial) Rfiieric name, 03 


Troglolrtma salmincala infection, 233 

S 

Dtirriin'oitiis ns hosf-, Mtlntlrongylus 
flongnlus, 455 
DIht’s papyrus, 30 
Eekinoiothriiim aJTinr, 250 
llclimorliasmuia', 01 
Echinoehnsiniis, IDl) 
per/oluilm, PI, ]{iy 

MiT.jnponici/t, I'jy 
«liiVW.n, 199 

EeltinocoeaffT eehtnoeocen*, 518 
Eehtnoeoceiis, 317 
ahrdant, 318 
cameront, 318 
truii, 318 
eyslieus, 318 
grttniilosut, 257 

adult worm, structure .and da- 
v<-lopmcnt, 321 
clinical nspecte, 327 
complenicnt-fitation, 003 
control, 331 
diagnufis, 329 
egRs, 321 
epidemiolojo’, 326 
Ki'ojrr.iphical di«tnbutii>n, 3!8 
liistoncnl data, 318 
lij datid cyst, 321 
alveolar, 323 
ossi-ous, 324 
unilocular, 318 
mtr.idcrmal test, 600 
pathogenicity of h.'d.ibd rjst, 3-7 
precipitin reaction, 605 
prognosis, 331 
.synonyms, 318 
tlicrapcusK, 330 
hepatis, 318 
Aomtnts, 318 
longtntanubnus, 318 
{jreaonfts, 318 
minimHS, 318 
muUtloadarts, 318 
(official). t\ pe gronuiosus, i*.> 

(digoHhrus, 318 
potyiHOrjiAaS, 318 
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Fasaola hepahca, ]73 

cpidemioiojo'. 175 
fal'H; distomiasis, 177 
Ccojrraphical distribution, 171 
histoloKical data, 171 
life cycle, 173 
molluscan hosts, 173-174 
pathology, 175 
prognosis, 179 
rc&crvoir hosts, 171 
structure, 171 
symptomatologj', 176 
svtvonyras, 171 
tnerapeusis, 178 
var. a^gypliaca, 179 
var. angusta, 179 
heterophjes, 222 
jacKsoni, QQ 

lanceolata, 203 
(oflicial), type fcepahca, 63 
revolvta, 194 

FasctoUtla tloeanum, 189, 193 
Fascioliasis, 175 
Fasciolida;, I7l 
Tascioloidca, 89, 170, 171 
Fa$cioloi<lcs maqna, 90, 180 
Fasciolopsiasis, 186 
Fasciolcipsida, 171 
Fasciolopsins', 00 
Fnactolopw buah, 90, 180* 
clinical aspects, 180 
control, 188 
diagnosis, 188 
eggs, 182 
epidemiology, 185 
geographic^ distribution, 180 
iiistoncal data, 180 
molluscan hosts, 183 
pathology, 186 
prognosis, 188 
reservoir hosts, 180 
structure and life cycle, 181 
s>'mptomatology, 186 
synonyms, 180 
tlierapeusis, 188 
/uUebomt, 180 
gofidardi, 180 
ralhomn, 180 
spxm/era, 180 

Fecal contaminators, 14, 588 
Feces, diagnosis for helminths, 581 
Felts cnlus conslantina, 286 
ocrcata, 286 
concolor, 259, 318 
/temaTidfsw, 259 
leo, 259 
jnacrotirfl, 259 
maniciilala, 479 
tnelhvora, 259 
Tmnvta, 479 
rntlts, 259 
pardus, 250 
silvesins, 286 
Itgns, 487, 538 
sondtaca, 538 
inerrus, 2l0 
yaguarunth, 318 
Fibrocyte, defined, 23 


Hdn, effective enzyme in leche de higuerdn, 
C61 

Ficus doltaria, 601 
glahrata, 601 
FtloTia xgyptiaca. 49S 
a^liioptca, 548 
actditiscula, 530 
apaptllocephala, 540 
5flncro//i, 498, 538 
circtimocularis, 493 
conjunctivx, 540, 546 
demarquayi, 536 
ejtrfloculons, 546 
humani, 546 
itiermis, 540 
juncea, 53G 
labtalis, 482, 540 
lacrymalis, 541 
lenits, 546 
loa, 541 

magalkiiesi, 538 
malayx, 521 
medinmsis, 541, 548 
noctunva, 498 
oeuli, 541 

hnmani, 541 
ozsardi, 536 

var inineata, 533 
palptbralii, 493, 540 
pentonxi komtms, 540 
> Persians, 533 

philtpptnensts, 498 
songiunts, 498 
hcinints, 498 

xgyptiaca, 408 
tntnor, 533 
Persians, 533 
seulala, 482 
spp., 547 

3uwnjunrtii>ahs, 541 
fomjruc/itJ, 547 
lucumana, 536 
vofrufus, 524 
vruchtrert, 49S 
Filarial elephantiasis, 515 
I fever, filanasis bancroiti, 514 
Fibriasis bancrofti, 514 
mtradermal fo«t, 60S 
Filariata, 357, 482 
Filarida, 357 ^ ^ ^ 
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intermediate hosts, 577 
larvffi, 576 . _ 

pathological 
ro‘=crvoir hosts, 577 
imoctll (Sresoteijocs-tc) 

OS as intermediate hosts, UU) 

S blood-sucking, intermediate hot, 
itation technic for feces, 593 
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japoniea, ]57 
nnn«oni. 137 
Kmll(l>orn]i(lrp, 300 
FvtUrhormus mrdinentia, 518 
I'liKitive swvllinjj, loa infoctKm, 511 


tumijncm'lff, 107 
Tn’jtini, 478 
olnrlaln, 405 
rfrmminni, 457 


CnVjti, 174, 180 
jitictfrra, 232 
nlieiilfi, 232 

(iap( worm.^ See F’/ngntnut 
(Sa-ttni'tormti, 8«i 
(Iwtrwli'iciHT, S'l 100, lOS 
f}n*troili*cm>lr>, lOS 
Artminii, f'l, lOS 
rutitrol, 170 
(Insiio't*, 170 
(I>uli mioixo, 170 
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Gravid, defined, 24 
Gromphas /acordatrei, 338 
Ground itch, 430 
Gubernaoulum, defined, 24 
“Guests” (parasites), 14 
Guinea ttorm, 548 
Giilo boreabs, 218 
Gyhauchenid®, 89, IGG 
Gymnocephalous (cercaria), defined, 24 
Gynspcophoms crassus, IfiO 
/ia?»ia/obiMs, 104 

Gynecoplioral canal of male blood flukes, 24 
Gyrauhis convexiusadus, 183, 190, 192 
praskadi, 190 
satgonensia, 183 
Gyrocohjle, 255 
Gyrodactylus eUgana, 85 

H 

Ilabronema megaatoma, 480 
tntcrosloma, 486 
muscle, 480 

Iliemadtpsa fallax, 505 
japontca, SQ5 
jat-antca, 505 
moraifana, 505 
(dlagalla, 505 
vagana, 505 
zeylamca, 504 

Haemonehua contortui, 350, 450 
clinical aspects, 451 
control, 452 
diagnosis, 452 
epidcmioloo', 451 
geographical distribution, 450 
pathogenicity, 451 
prognosis, 452 
structure and life C3'cle, 450 
synonyms, 450 
therapeusis, 452 
Hxmopts catumna, 560 
“Hairworms.” Gordiacea. 

Halipegidas, 94 

Halzoun (suffocatron), due to leeches, 560 
due to trematodes, 177 
Halysis, 286 
solium, 299 
Hamburg cover-glass concentration tech- 
mc, 594 

Haplometndx, 201 
Haplorchinaj, 91, 93 
Haplorckis mtcrorchia, 93, 229 
pumxlio, 93, ^9 
latchut, 03, 229 
yokogau:ai, 93, 229 
Haptor, defined, 24 


Helminths, adaptions, control of infections.. 

. 52-53 
diagnosis, 50 
host adaptations, 41-44 
human, history', 30 
scientific names, 54-68 
life cycles, 45 

list of human helminths, 64 
metabolic processes, 43 
methods of entering 41 
nourishment, 43 
pathogenicity, 4S-49 
prevention, 52-53 
reservoir, 45, 52 
symptomatology’, 49-50 
toxic secrctioas, 44 
llelodrtliis ealiginosus, 455 
falidus, 4.55 

Hcmntcmesis, defined, 24 
Hematuria, defined, 24 

in Schistosomiasis haim-itobia, 114 
Hemiurida, 243 
Hcmiuridie, 94 
Hemmroidea, 94, 171, 243 
Hemoptysis, defined, 24 
paragommiasis 241 

Hepatic tirrhosis See Clonorchiasis anu 
^clllstosomJasls. 
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encetorvin, 204 
unifasciala, 204 
Heliaoma trivolns, 194 
IIcImintlH, adaptations, 44 
and age of host, 44 
.and host resistance < 
44 


una, 239 

I Hctcrakidi, 357 , , .. 

, lleterodera (olTicial), type schachtii, 63 
I martont, 355, 402 

I radtacota, 402 

ffeterogonic, defined, 24 
lleUrophyes, 222 
I bremcaca, 93, 229 

I helerovhyes, 93, 222 

clinical aspects, 22o 
I control, 225 

I diagnosis, 223 

eggs, 224 

S’iSS'd'tnU,l,,.,..222 
historical data, 222 
moHuscan hosts, 224 
pathogenicity, 225 
prognosis, 225 
structure and life ri<-, 
synonyms, 222^ 
llierapcusis, K5 

katauradai, 93, 225 
norms, 222 , 

(official), type hflerophye^ M 
yoiogauai, 93, 225 
Hcteropbyid®, 92, 93, 207 
I Heterophyin®, 93 
Hetraran, 653 

m filanasis hancrojti, oiu 
I m oncliociTto'is, 532 
toli-ranc.., Htxaraiitl. I 

I Hr^lrcsorcinol antliclminlic , 


., 24 
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viurHrritt, HI, I't'i 
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.Jacksonian t-pilcpsy duo to cystiuTco'sw 
ccllulos®, 30-1 
paragonimiasis, 242 
bcJiistosomiasis jnponica, 15(>! 
Julvs sp , 297 

Juvenile (larva of Acanthocepliala), 334 

K 

Km'^kkusc! «ofu(ion'f for pathofopaenf nm- 
tonal, 557 

Kamala, nnUiclmintie use, (550 
Katayama Iau$ti, 025 

fantli var. canlont, 025 
farmosana-, 145, 025 
nosophora, 145, 025 
Katlilaniid.'D, 357 

KofoKl-Barbcr loop eonrentration tcclmir, 
.593 

Kondolcan operation, filarial cIcpllnntI^lsl^, 
.520 

Kmi'.so, anthelmintic use, 002 
KrnbhfO Qrandts, 273 


L 

Lagocheilaicam mxMr, 481 
Lagochla^cam minor, 357, 481 
l.tincet flako, 202 

hiine'i direct centrifugal fioat-ntion tcclmic, 
593 

I,.arvn, defined, 25 

"Larva migran-*,’’ 420, 422, 425, 430, 437, 
487 

Liitircr’s canal, defined, 25 

Law of Priority, 57 _ ' 


Lepidoptcra as interincdf.ate hosfw, 01*) 
rA'podcrmatidffi, 91, 201 
Leptmlera intestinalis, 391 
nicllyi, 3S8 
pellw, 38S 

Leptolectthum eurylremum, 243 
tnsirnihtvbta, 243 
Leptonijx inonaehus, 259 
LPMcxscu'f hahiensis, 229 
Tnitjlis, 209 

7.cukoc3'to‘5is, defined, 25 
Leukopenia, defined, 25 
Lire, .ns intermediate hosts, CIS 
l/igiAa txileslinahs, 256, 275 
mnnaont, 269 
(olhci.nl), tj'pc annul, 63 
Ligulmai, 275 
lAUinalis ofneana, 505 
grant/iosa, 505 
maculosa, 5G5 
rnysomelas, 505 
mlotica, 565 
LinKiutiilida, 338 
I.isMireliiidj?, 91, 201 
Litlnuni .nntimonyl tlnoiual.ite, 659 


Liver fluke, cat, 207 
giant, 179 
sheep, 171 

patholog)'. See Hepatic cirrhosis. 
Loa extraocularis, 540 
inq , 540 
loa, 359, 541 

clinical aspects, 544 
control, 540 
diagnosis, 545 
epidemiologj', 544 
geographical distribution, 5ft 
liistoncal data, 541 
intermediate hosts, 543 
microfilan®, 543 
pathogenicity, 544 
prognosis, 546 
structure and life cj’cli*, 541 
svDonyms, 641 
therapeusis, 545 
Ixiaiasis, 541 
Lo-ninae, 359, 498, 538 
Longitudinal "lines,'’ defined, 25 
I^ssia dcI}Togiensis, 225 
parva, 225 
Tomaniea, 225 
ItOta maculosa, 263 
vulgaris, 203 

Lotus roots, vector of Fasciolopsts Qimt, 
184 

hoxotrema enatum, 225 
Lumbriemdes vulgaris, 467 
Lumbneus cams, 47S 
rubellus, 455 
rubida, 455 

lerreslns, 455 . 

Lung pathologj’ m paragonimiasis, 
Lulre^a italsi ilatst, 487 
Lyeaon capcnsis, 318 
ptclMS, 318 
Lymnaea obrusso, 194 

occiontnate, 180 
amygdalum, 139 
appressa, 302 
attenuala, 173, 194 
aunculala, 173 
hogoiensis, 173 

bSimnoides, var IccAflia, 173, JSO 
eadhaudi, 174 
columella, 173, 180 

fm^gmala-angulata, 102, V'S 
ferruginea, 173 
fei<te^> 193 
morftccHa, 173, ISO, I94 
var rusltca, ISO 
nafaZensi*. 173, ISO 
eUiibi, 173, ISO, 183, 194 
pahfstns, 173, lOi 

var. iiuttalhana, 180 
var. Simla, 173 
var culncraia, 17o 
panuj, 180 
oereanna, 194 
pema, 173, 494 „ .jy, 

vlulipptnensis, 173, 16U 
pfiCatwA*, 173 
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Mrlngommu^ yok<>ga\r<ii, 231 

Mi-ta*>lninK}-l»I.T, 3.'ir>, JO.’r, •l.'i.l 
McliiHtn)iiK>loi{lc!i, 37)0 
Mcla^lroitgyUix aim', 

(liiugatus, 3.V>, 

rlmirnl li'-ixrts, -I.Vi 
rontrol, •l.'SO 
cliaRiifHix, •I.V5 
«'pi<lcnui)loKj', 

Ki-«>Krnpliiral di-stribiitmn, 
IvitlioKcnirity. •I.’l.'i 
pro^tJO'*!'!, 4.’)ri 
xtnirtiiri' and lift- ryrh*. I3'» 
xvnoiiynH, -irM 
tl»TaiK'ij*'i'<, 450 
Mclarrliina* 207, 218 
Mflorcht* onrn/aii«, 218 
M( tratcrm of Irvmatode^, di-fim-«l, 25 
.UirWii* tagrr, 281 
MirrtK^’rrttiM (o'rrari'i), d(‘f1>i('d, 2.» 
Mtert*n/clt>ii^ Itnjnniiaiii, .WI j 
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Miororilana, d<Tini'd, 2.') i 

Mitrnfilartn acioni, .WO 

Imnerofti, .503 
iltiinia, .513 
/wj, Till, .V13 
Min/rtyi, .522 
niitia, 521 
o:zttr<lt, .537 
ptrflati^, 531 
lihiUpinumu^, .517 
I'oirfUi, .517 
romanornut, .517 
ofiPTi/nlH, .547 
ttreploccrea, .53.5 
.523 

Micrafilarirp m IiIwhI fdm'*, 573 
Mirrnftlaml ix-nodicity, lyyi Ion, .513 
ir»f^frma 6<infrrt)?i, ,501 
ir. malat/i, 521 
Micromctt-T, object, .570 
ocular, .570 

Micropliallida', 01, 201 
5Iicroscupliidiid^, SO, ICC 
MiprO'»eopic cover-Rlnsx..«, 571 
equipment, SOU 
filidos, 571 
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Mterolus amcola, 3 10 > 

tnonlebetli, 158 1 

Mij^ration of ^pulation in t«i 


Momezta, nervous system, 240 
i/onib/or»nis ccaJodj/ormis, 338 
elarkt, 340 
diibiua, 340 
ennaeei, 340 
tnoniltformta, 68, 338 

insect intermediate hosts, 619 
Monocyte, defined, 2.5 
Monogenea, 85 


inUTiiMsJi.ite Jiosts, 014 
nntli i for lielmintli prepnraf ioi 

Afisfftl ef/ihnliia, 223 
.MlJlilen'H n,,ki‘. 19,5 
.\futliecp*, 2.57, 314 
ncmirus, 252 
gnigrn, 314 
glnmtralm, 2.57, 316 
tnuUicfpa, 2.57, 314 

clinical a>'{x'cLs, .316 
control, 310 
ra-niirus 31.5 
dwgno'is, 310 
cgKs 315 
cpiiJcmir)liip.v, 314 
pntliogenirity of pirnums, 316 
prf>gno«i«, 316 
ftnictiire nrnl life f>cle, 314 
jOTionyms, 314 
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